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I l l  
ABSTRACT 
The o b j e c t  o f  t h i s  work was t o  determine and measure t h e  s i g n i f i c a n t  
parameters of t h e  room temperature mechanical behavior o f  var ious cormercial 
and experimental graphi tes,  A se r ies  of 189 f l e x u r e  and 108 u n i a x i a l  corn- 
press ion two-cycle un i form load-rate t e s t s  was conducted. Using res is tance-  
t ype  s t r a i n  gages, continuous ax ia l  and Poisson s t r a i n  versus load curves 
were recordeds From these curves were obta ined values for  t h e  u l t i m a t e  
nominal s t ress,  u l t i m a t e  s t ra ins ,  second-cycle e l a s t i c  modulus, Poisson 
r a t i o ,  and t h e  s t r a i n  damage a t  80 percent nominal u l t i m a t e  s t ress .  The 
data were tabu la ted  in  a manner t o  r e f l e c t  t h e i r  dependence on t h e  o r ien ta -  
t i on ,  locat ion,  and g raph i te  sub-type, F ina l l y ,  s ince  t h e  recorded data were 
continuous two-cycle load versus s t r a i n  curves, a computerized procedure was 
developed for  conver t ing  t h i s  load-s t ra in  f l e x u r e  data t o  s t r e s s - s t r a i n  data. 
These new s t ress -s t ra  i n data were then compared w i t h  t h e  nomi na I s t ress -s t ra  i n 
data , 
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NOMENCLATURE 
P 
a 
Y 0a2;a3  
R 
d 
h 
b 
T 
k 
u l t i m a t e  nominal s t ress  
~ ~ l t s m a t e  a r i a !  s t r a i n  
uYtimate poisson s t r a i n  
po I sson r a t  i o  
a x i a l  s t r a i n  damage a t  80% u l t i m a t e  nominal s t ress  
poisson s t r a i n  damage a t  80% u l t i m a t e  nominal s t ress  
second-cycle e l a s t i c  modulus 
bend i ng moment 
second moment of area 
I oad 
cross sec t iona l  area 
modulus I n  1 ,  2, and 3 d i rec t i ons ,  respec t i ve l y  
porsson r a t l o  f o r  loading i n  i d i r e c t i o n  and s t r a i n  i n  
J d l r e c t l o n  
ultvmate s t ress  i n  9 ,  2, and 3 d 
ui t i rnate s t r a i n  i n  I, 2, and 3 d 
a x i a l  s t r a i n  damage i n  I ,  2, and 
rad ius  of  curvature 
d is tance along neutra l  a x i s  
he igh t  of  beam 
width of  beam 
actual  f l e x u r e  s t ress  
propor t  I ona l i t y  constant 
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rec t ions ,  respec t ive  
r e c t  ‘I ons , respect i ve 
3 d i r e c t i  ons respec 
Y 
Y 
i v e l y  
DEVELOPMENT OF CONSTITUTIVE 
EQUATIONS FOR NUCLEAR GRADE 
GRAPHITE FOR SPACE APPLICATIONS I 
I In t roduc t ion  
One o f  t h e  major problems of the space indus t ry  i s  t h a t  o f  f i n d i n g  m a t e r i a l s  
which r e t a i n  t h e i r  s t r u c t u r a l  i n t e g r i t y  under extreme temperature condi t ions,  
Graphi te  i s  a mater ia l  whose s t rength a c t u a l l y  increases w i t h  temperature up t o  
about 4000O F, and r e t a i n s  s t r u c t u r a l  c a p a b i l i t y  up t o  5500' F. This, combined 
w i t h  i t s  e l e c t r i c a l  and chemical propert ies, makes it a h i g h l y  use fu l  ma te r ia l  i n  
nuclear  reactors, nose cones, and other  unique appl cat ions.  
From a mechanical p o i n t  o f  view, g raph i te  i s  a non-Hookean an iso t rop i c  mate- 
r i a l  which e x h i b i t s  e l a s t i c ,  p l a s t i c ,  and v iscoe las  i c  temperature dependent char- 
a c t e r i s t i c s .  The degree t o  which it e x h i b i t s  these c h a r a c t e r i s t i c s  depends on i t s  
composition, f a b r i c a t i o n  procedure, and the  h i s t o r y  of i t s  loading and temperature 
enviornments. For t h i s  reason much o f  t h e  q u a n t i t a t i v e  experimental data t h a t  has 
here to fo re  been obta ined f o r  graphi te  i s  of r e l a t i v e l y  l i t t l e  use i n  developing 
c o n s t i t u t i v e  equati'ons or mechanical t heo r ies  of f a i l u r e .  Th is  has g r e a t l y  hind- 
ered t h e  design engineer i n  making e f f i c i e n t  and e f f e c t i v e  use of g raph i te  as a 
s t r u c t u r a  I mater ia  I 
2.1 Purpose o f  Inves t iga t ion .  
From the  prev ious comments it i s  e a s i l y  seen t h a t  g raph i te  i s  a mater ia l  which 
e x h i b i t s  such a mu l t i t ude  o f  i n t e r r e l a t e d  phenomenological responses so t h a t  a 
q u a l l t a t i v e ,  l e t  alone a quant i ta t i ve ,  ana lys is  o f  i t s  mechanical c h a r a c t e r i s t i c s  
i s  extremely d i f f i c u l t ,  Many o f  the attempts along t h i s  l i n e  amount t o  no th ing  
more than polynominal curve f i t t i n g  o f  un iax ia t  load-s t ra in  data. While such re- 
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suits a re  usefu l  and do f u l f i l l  a purposer they c o n t r i b u t e  l i t t l e  t o  t h e  develop- 
ment o f  a c o n s t i t u t i v e  equation theory f o r  graphi te ,  
The purpose of t h i s  i nves t i ga t i on  i s  t o  develop a c o n s t i t u t i v e  theory  and 
t h e  associated c o n s t i t u i t i v e  equations f o r  t h e  room temerature mechanical response 
o f  graphi te .  I t  i s  f e l t  t h a t  i f  such a theory and the  appropr ia te  equations can 
be developed for room temperature response, then t h i s  can serve as a sound bas is  
f o r  a t t a c k i n g  t h e  more formidable problem o f  t h e  temperature dependent responses 
observed a t  e levated temperatures, 
2,2 Scope o f  Report. 
Th is  r e p o r t  covers the  room temperature t e s t i n g  program which was conducted 
i n  an e f f o r t  t o  e s t a b l i s h  t h e  s i g n i f i c a n t  q u a l i t a t i v e  and q u a n t i t a t i v e  parameters 
cha rac te r i z ing  the  mechanical response o f  graphi te ,  
A se r ies  o f  189 f l exu re  and IO& u n i a x i a l  compression two-cycle un i form load- 
r a t e  t e s t s  was conducted on several commercial g raph i te  types., Continuous a x i a l  
and Poisson s t r a i n  versus load curves were recorded and the  data tabu la ted  i n  a 
manner t o  r e f l e c t  t h e i r  dependence on t h e  sample or ien ta t i on ,  location, and graph- 
i t e  sub-type, The g raph i te  types were c l a s s i f i e d  i n  th ree  broad categor ies de- 
noted i n  t h e  f o l l o w i n g  
Exper 
manner: 
ment D-110: HALM graph i te  samples c u t  from a la rge  
molded cy l inder .  42 compression samples, 
72 f l e x u r e  samples. 
Exper ment D-l I I :  Four d i f f e r e n t  ATJ-based mate r ia l s  c u t  
from molded blocks, 48 compression 
samples, 72 f l e x u r e  samples, 
Experiment D-112: Seven types of less common graph i tes  
which might be candidates for  s t ruc -  
t u r a l  app l i ca t ions ,  18 compression 
samples, 45 f l e x u r e  samples, 
A more d e t a i l e d  breakdown of m a t e r i a l  and sample s e l e c t i o n  i s  g iven i n  t h e  
sec t ion  of t h i s  r e p o r t  devoted t o  the respec t ive  experiment, 
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I 
I 
i n  a d d i t i o n  t o  t h i s  t e s t i n g  program, a l i m i t e d  attempt was made t o  conduct 
some u n i a x i a l  t ens i  e t e s t s  on f l a t  bars o f  ATJ graphi te .  The r e s u l t s  of these 
t e s t s  a re  inconclus ve and f u r t h e r  work i s  needed to improve t h e  r e l i a b i l i t y  o f  
t h e  t e s t  data and procedure, 
t o  a subsequent repor t ,  
However, a d iscuss ion o f  t h i s  work w i l l  be appended 
F ina l l y ,  s ince the  recorded data were a c t u a l l y  continuous non-l inear two- 
c y c l e  load versus s t r a i n  curves, a computerized procedure was developed for  con- 
v e r t i n g  t h i s  load-st ra in  f lexure data t o  s t ress -s t ra in  data. 
these data i s  then made,, 
A comparison o f  
WVU EES Page 4 
~- ~- 
2. Experimental Procedure 
The c a r e f u l l y  machined samples were suppl ied by t h e  Los Alamos Scien- 
Immediately a f t e r  a r r i v i n g  a t  t h e  West V i r g i n i a  Univer- t i f i c  Laboratory. 
s i t y  Laboratory, t h e  samples were unpacked and s to red  in  des iccators  t o  
prevent  undue mois ture absorption. The samples were removed from t h e  
des icca tors  on l y  f o r  sho r t  periods necessary ' fo r  weighing, measuring, and 
instrumenting. 
2.1, Weighing and Measuring. 
A l l  samples were weighed on an a n a l y t i c a l  balance w i t h  a scale accuracy 
o f  1/10,000 gram. The length of each sample was measured w i t h  a micrometer 
t o  w i t h i n  an accuracy o f  f 0.0005 inch, whi l e  t h e  t ransverse dimensions were 
measured w i t h  a v e r n i e r  micrometer t o  w i t h i n  an accuracy of f 0,0001 inch. 
When necessary due t o  uneven machining, t h e  average of th ree  or more measure- 
ments was taken as t h e  dimension i n  question. 
2.2. Inst rumentat ion o f  Samples, 
A I  1 samples were instrumented w i t h  two 1/8 inch, 120 ohm, 90' rose t te -  
t ype  epoxy-backed f o i l  s t r a i n  gages d i a m e t r i c a l l y  opposi te  on t h e  compres- 
s i o n  samples and on opposiOe f l a t  faces on t h e  f l e x u r e  samples. 
s ide rab le  e f f o r t ,  t h e  f o l l o w i n g  technique for  app ly ing  t h e  gages was 
A f t e r  con- 
developed. 
a. Preparat ion o f  Samp 
s to red  i n  a des lcca tor  p r i o r  
sc r ibed w i t h  gage alignment 
g lass  brush. The samples we 
es. As p rev ious l y  mentioned, t h e  samples were 
t o  instrumenting. The samples were f i r s t  
ines and then brushed l i g h t l y  w i t h  a f i b e r  
e then cleaned w i t h  a c o t t o n  swab dampened 
w i t h  alcohol, t h e  a lcohol  a c t i n g  as both a so lvent  and a mois ture evaporator. 
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Scotch tape was app l ied  and removed th ree  t imes t o  open t h e  pores o f  t h e  
g raph i te  sample. F i n a l l y  t he  surface was once again cleaned w i t h  a lcohol  
t o  remove any o f  t h e  res idue from t h e  scotch tape. 
b o  Preparat ion o f  Gages and Solder ing Tabs. The gages and so lde r ing  
tabs  were f i r s t  trimmed t o  a su i tab le  s ize.  Manufacturer c la ims to t h e  
contrary ,  it was found advisable t o  c lean t h e  back of  the  gages and tabs  
w i t h  acetone. A f t e r  t h e  gages and tabs had thoroughly  dried, Eastman 910 
acce la to r  was c a r e f u l l y  app l ied  t o  t h e  back and a l s o  permi t ted  t o  dry  for  
approximately th ree  minutes. 
a c lean sur face and were pos i t ioned and l i f t e d  by use o f  t ransparent  mylar 
tape and he ld  i n  readinesso 
The gages and tabs  were then turned over  on to  
c a  Bonding of Gages. The prepared sample was placed i n  a small v i s e  
One end o f  
A small 
and t h e  taped gage and tab  he ld  over the  specimen and aligned. 
t h e  tape was s tuck t o  t h e  sample and t h e  o t h e r  end he ld  a l o f t .  
q u a n t i t y  o f  Eastman 910 Contact Cement was deposited a t  t h e  crease j o i n i n g  
t h e  tape and sample. Pressure was then r o l l e d  a long the  tape s t a r t i n g  a t  
t h i s  crease, thus spreading t h e  cement under t h e  gage and tab  i n  a f a i r l y  
un i fo rm manner w i thout  c r e a t i n g  bubbles between t h e  gage and sample. Th is  
pressure was maintained for approximately 15 seconds. The sample was then 
permi t ted  t o  se t  for about f i v e  minutes be fore  removal o f  t h e  tape t o  check 
t h e  bond. An instrumented, though f ractured,  f l e x u r e  sample i s  shown i n  
F igure  4. 
Although t h i s  e n t i r e  bonding procedure was perhaps more e labora te  
than necessary under o t h e r  condit ions, t h i s  procedure was ab le  t o  main ta in  
a loss r a t e  of less than two percent and, therefore,  was we l l  worthwhile. 
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2.3. Readout C i r c u i t .  
A I  I readout data were recorded on one Mose ey X-YY and two Mose ey x-Y 
recorders i n  con junc t ion  w i t h  Daytronic s t r a i n  gage s igna l  amp l i f i e rs .  
a. F lexure Tests. For these tes ts ,  i nd i v idua l  data from each o f  t h e  
f o u r  gages was required. Therefore, a f u l l  four-arm ex terna l  b r idge employ- 
i ng  th ree  add i t i ona l  dummy gages was const ructed for  each a c t i v e  gage, thus 
o b t a i n i n g  proper temperature compensation. I n i t i a l  c a l i b r a t i o n  was done i n  
accordance w i t h  the  procedure suppl led by t h e  manufacturer o f  t h e  record ing  
equipment used. F ina l  c a l i b r a t i o n  f o r  each recorded ou tpu t  was performed 
immediately p r i o r  t o  loading by means of shunt ing t h e  known res is tance of 
t h e  appropr ia te  arm o f  t h e  external  b r idge w i t h  two or more prev ious ly  C a l i -  
brated f i x e d  resistances. 
recorded ou tpu t  sheet. Data from t h e  compression s ide  o f  t h e  f l e x u r e  speci- 
men a re  displayed on t h e  X-YY recordings wh i l e  data from t h e  tens ion  s ide  
of t h e  specimen are  d isp layed i n d i v i d u a l l y  on X-Y recordings. 
These c a l i b r a t i o n  curves are  d isp layed on each 
b. Compression Tests. For these samples, t h e  gages were instrumented 
i n  such a way as t o  cancel bending e f f e c f s  f o r  both t h e  a x i a l  and poisson 
s t r a i n  output. Therefore, two f u l  I four-arm ex terna l  b r idges  were used, 
each employing two a c t i v e  gages i n  opposi te  arms and two dummy temperature 
compensating gages i n  t h e  o t h e r  armsa I n i t i a l  c a l i b r a t i o n  was done i n  
accordance w i t h  t h e  procedure supplied by t h e  manufacturer of t h e  record ing  
equipment used. F ina l  c a l i b r a t i o n  for each recorded ou tpu t  was performed 
immediately p r i o r  t o  loading by means of shunt ing t h e  known res is tance o f  
t h e  appropr ia te  arm of t h e  external  b r idge w i t h  two or more p rev ious l y  c a l i -  
b ra ted  f i x e d  resistances. These c a l i b r a t i o n  curves a re  d isp layed on each 
recorded ou tpu t  sheet, 
on one X-YY recording. 
The data for a x i a l  and poisson ou tpu ts  a re  d isp layed 
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2.4. Testing. 
The o v e r a l l  t e s t i n g  f a c i l i t i e s  a re  shown i n  Figures I and 2. The load 
was app l ied  t o  t h e  sample by means of a c losed loop hyd rau l i c  servo-system 
manufactured by Research Incorporated, Factory des ignat ion f o r  t h i s  system 
i s  as fo l lows:  
E n t i r e  System: Model 900.86 s t r u c t u r a l  t e s t i n g  
Contro l  Console: Model 480.48 
Hydrau l i c  Power Supply: Model 501.01 
machine 
Hydraul i c  Actuator: 3,000 I b  capac i ty  
10,000 I b  capac i ty  
The load was app l ied  a t  a un i form load r a t e  o f  approximately 2000 p s i  
nominal s t ress  per  minute up t o  80 percent nominal u l t i m a t e  stress, re turned 
t o  zero a t  t h e  same r a t e  and then reloaded a t  t h i s  r a t e  t o  f a i l u r e ,  Th is  
loading program was achieved by means of a diode c i r c u i t  i n  con junc t ion  w i t h  
a t r i a n g l e  wave from a func t ion  generator. 
Note: Because t h e  u l t i m a t e  load was no t  i n i t i a l l y  
known, t h e  f i r s t  t e s t  for  a given fami ly  of samples o f t e n  
contained th ree  o r  more cyc les  and i n  a few cases t h e  
specimen f a i l e d  on t h e  f i r s t  cycle. These occurrences 
a re  ind ica ted  i n  t h e  data. 
The load c e l l  ou tpu t  was c a l i b r a t e d  p r i o r  t o  each day's t e s t i n g .  For 
t h e  f l e x u r e  tes ts ,  t h i s  c a l i b r a t i n g  was done by dead weights s ince  t h e  u l t i -  
mate loads seldom exceeded 500 Ibs. For t h e  compression tes ts ,  whose u l t i -  
mate loads o f t e n  exceeded 5000 Ibs, load c a l i b r a t i n g  was done by u t i l i z i n g  
t h e  load measuring system o f  a BLH hyd rau l i c  t e s t i n g  machine. Th is  system 
had been o f f i c i a l l y  c a l i b r a t e d  the day before t h e  compression t e s t i n g  began. 
Each day's c a l i b r a t i o n  curves are d isp layed on a record ing for  each recorder  
emp I oyed 
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The f l e x u r e  samples were about 0.75 inch square by 4.50 inches long 
rec tangu lar  prisms. These specimens were loaded in  t h e  ASTM " th i rds-po in t "  
( f o u r  p o i n t )  manner over  a 4.00 inch span by use o f  t h e  j i g  shown i n  Figures 
2 and 3. A l l  f l e x u r e  samples except one f a u l t y  f l e x u r e  sample exh ib i t ed  a 
b r i t t l e  t ens i l e - t ype  of  f a i l u r e  t y p i f i e d  by t h a t  shown i n  F igure 4. Also, 
almost a l l  samples f rac tu red  w i t h i n  t h e  loading edges o f  t he  upper h a l f  o f  
t h e  j i g ;  t h a t  is, i ns ide  t h e  region o f  pure bending. 
The compression samples were about 0.75 inch diameter by 1.50 inch 
inders. These were loaded i n  a r i g i d  T i n i u s  Olsen sub-press w i t h  
p a r a l l e l  anv i l s .  
ng, lapping technique using f i n e  emery paper. 
The samples were f i t t e d  t o  t h e  a n v i l s  by means of  
Most of t h e  compres- 
s i o n  samples exh ib i t ed  a sudden ca tas t roph ic  f a i l u r e  i n  which t h e  sample 
was completely destroyed. 
destroyed, a d e f i n i t e  b r i t t l e - t y p e  f r a c t u r e  was c l e a r l y  evident. 
In  those few samples which were no t  completely 
long cy 
matched 
a r o t a t  
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3 0  Data Reduction 
The corresponding data for a l l  o f  t h e  samples i n  each of the  exper i -  
ments D-110, D - I l l ,  and D-112 were handled, i n  the  manner described below. 
3.1. Calculat ions,  
a, Bulk Density. The bu lk  densi ty  o f  each sample was determined by 
d i v i d i n g  the  weight by t h e  measured volume, 
b. The u l t i m a t e  loads and u l t i m a t e  s t r a i n s  were 
t h e  recorded curves as the  uppermost and r ightmost PO 
respect ive ly .  See Figures 5(a), (b) ,  (c) ,  and (d),  
these p o i n t s  coincided w i t h  t h e  f a i l u r e  p o i n t  for t h e  
cs  Nominal Stresses. For the  f l e x u r e  data, t h e  
read d i r e c t l y  from 
n t s  on t h e  curve, 
n almost a l l  cases 
tes t .  
nominal u l t i m a t e  s t r e s s  
was determined by use of t h e  formula 
Mc a = r  
where M i s  t h e  appl ied bending moment, c i s  h a l f  t h e  height  o f  t he  cross 
sect ion,  and I i s  t h e  second moment of area based on t h e  o r i g i n a l  dimensions 
o f  t h e  samp le. 
For t h e  compression data, t h e  nominal u l t i m a t e  s t ress  was ca l cu la ted  
us I ng 
where P 
o r  i g i  na 
fami ly, 
i s  t he  load and 
dimensions. 
Because o f  t h e  
t h e  mean dimens 
P 
a 
a = -  
a t h e  cross sec t i ona l  area o f  t he  sample - 
un i fo rm i t y  i n  the  dimensions o f  t h e  samp 
ons of the fam i l y  populat ion was used i n  
t h e  nominal stresses f o r  t h a t  p a r t i c u l a r  fami ly.  
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based on 
es f o r  each 
c a l c u l a t i n g  
for  
re- 
CY C 
On t h e  o t h e r  hand, 
oad curves e x h i b i t e d  l i t  
e modulus was def ined as 
c y c l e  of t h e  load vs  a x i a l  s t r a l n  curve,, Th i s  q u a n t i t y  was 
d i f f i c u l t  t o  measure uniquely  than was t h e  corresponding va 
f l e x u r e  data. F igure  5 ( d )  i l l u s t r a t e s  t h e  f a c t  t h a t  t h e  i n  
d. Second-Cycle Modulus, By d e f i n i t i o n  t h e  second-cycle modulus was 
taken t o  be t h e  s lope o f  t h e  l i n e a r  p o r t i o n  o f  t h e  re-load c y c l e  o f  t h e  load 
vs a x i a l  s t r a i n  curve measured i n  p s l ,  I n  t h e  f l exu re  tests ,  Figures 5(a)  
and (b) ,  t h e  re-load curve had a h igh  degree of apparent l i n e a r i t y  and thus 
t h e  modulus was f a i r l y  we l l  defined. I n  fac t ,  i n  t h e  several t e s t s  i n  which 
t h r e e  or more load cyc les  were run, it was observed t h a t  t h e  l i n e a r  p o r t i o n  
each re-load curve had approximately t h e  same slope. 
n the compression t e s t s  t h e  load, unload, and 
l e  o r  no degree of l i n e a r i t y ,  thus  t h e  second- 
t h e  s lope of t h e  i n i t i a l  tangent of t h e  re-load -
somewhat more 
ue f o r  t h e  
t i a l  tangent t o  
t h e  load and a l l  subsequent re-load curves was approximately t h e  same. 
e. Poisson Ratio. The Poisson r a t i o  was def ined as . the  r a t i o  o f  t h e  
s lope of t h e  second-cycle load vs a x i a l  s t r a i n  curve (as determined i n  d) 
t o  t h e  slope of  t h e  corresponding second c y c i e  of +he ioaa vs Poisson s t r a i n  
curveo However, it should be observed i n  F igures 5(a) and ( c )  t h a t  t h e  
second-cycle Poisson curves had a s l i g h t  "S" shape and thus t h e  apparent 
l i n e a r  p o r t i o n  usua l l y  appeared wel l  above zero loading. The s lope of t h i s  
l i n e a r  p o r t i o n  was used i n  determining t h e  Poisson r a t i o .  
f. Apparent S t r a i n  Damage. The value o f  t h e  apparent s t r a i n  damage 
was meant t o  r e f l e c t  t h e  degree to  which t h e  mater ia l  was permanently 
deformed when loaded up t o  80 percent of t h e  f a i l u r e  load and then unloaded. 
Th is  va lue could be obtained by loading t h e  sample t o  80 percent u l t i m a t e  
load, unloading, and then measuring t h e  res idua l  s t r a i n .  However, s ince  t h e  
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u l t i m a t e  load f o r  each sample could no t  be known au p r i o r i ,  t h e  f o l l o w i n g  
procedure was used t o  determine the va lue of t h e  s t r a i n  damage, E igh ty  per- 
cen t  of t h e  u l t i m a t e  load was determined a f t e r  t h e  fac t .  From t h i s  p o i n t  on 
t h e  load-s t ra in  curve a s t r a i g h t  l i n e  p a r a l l e l  t o  t h e  second-cycle modulus 
I i ne  (see d) [or second-cycle poisson I ine  (see e ) ]  was drawn down t o  i n t e r -  
--- 
sect  t h e  s t r a i n  axis, The s t r a i n  corresponding t o  t h i s  i n t e r s e c t i o n  was 
taken as t h e  va lue of t h e  s t r a i n  damage f o r  80 percent u l t  
Th is  va lue i s  ind ica ted  i n  Figures 5(a), (b), (c), and (d )  
ua l  a x i a l  s t r a i n  and Erp for  res idual  poisson s t r a i n .  
I t  should be pointed out t h a t  i n  t h e  f l e x u r e  data 
mate s 
by Era 
t h e  va 
from t h i s  procedure and t h e  value t h a t  would be obta ined d i r e c t l y  
unloading curve do n o t  d i f f e r  s i g n i f i c a n t l y  i n  most cases because 
ress . 
for res  
ue obta 
d- 
ned 
from the 
of t h e  
apparent l i n e a r i t y  of t h e  re-load curve, Figures 5(a), (b), and (c). How- 
ever, f o r  t h e  compression data these two values usua l l y  d i f f e r  cons iderably  
due t o  t h e  obvious n o n l i n e a r i t y  o f  t h e  unloading and re- loading curves, Fig- 
u r e  5(d). Therefore, for t h e  sake of consistency, t h e  value obta ined by t h e  
procedure described I n  the  preceding paragraph was taken as t h e  appzrent 
s t r a i n  damage. 
son curve, F igure 5(c) ,  behaved unusually i n  t h a t  t h e  loading s t r a i n  was 
p o s i t i v e  (cont rac t ion) ,  wh i l e  the  res idua l  s t r a i n  usua l l y  was negat ive  
(extens ion) .  Th i s  behavior i s  ind icated i n  t h e  tabu la ted  r e s u l t s  w i t h  a 
F i n a l l y  it should be observed t h a t  +he f l e x u r e  tens ion  pois-  
minus sign, 
3,2. Tabulat ion o f  Data. 
A l l  data was tabu la ted  i n  a manner t o  r e f l e c t  t h e i r  
locat ion,  o r i en ta t i on ,  and graph i te  sub-type of t h e  samp 
averages were obta ined on t h e  basis o f  a r a t i o n a l  s e l e c t  
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dependence on the  
8s. To t h i s  end, 
on o f  sample fam i l y  
popu la t ion  determined by a rev 
fam i l y  popu la t ion  d i d  n o t  perm 
ew o f  t h e  data, However, 
t f u r t h e r  s t a t i s t i c a l  eva 
u l a t e d  data a re  displayed i n  t a b l e  form i n  Appendixes A, 
t o  Experiments 0-110, 0-111, and 0-112, respec t ive ly ,  
3,3, Tabulat ion of Results, 
While a l  
d isp layed i n  
n i f i c a n t  than 
I n  t h e  f 
t h e  r e l a t i v e l y  small 
uations. The tab- 
8, and C p e r t a i n i n g  
of t h e  data pe r ta in ing  t o  t h e  c a l c u l a t i o n s  o f  Sect ion 3.1 a re  
he appendixes, it was f e l t  t h a t  some o f  t h e  data a re  more s ig -  
others. Explanation o f  t h i s  remark fol lows. 
exure data, t he  u l t ima te  t e n s i l e  s t r e s s  and t h e  u l t i m a t e  and 
res idua l  t e n s i l e  s t r a i n s  a re  f e l t  t o  be s i g n i f i c a n t  values whereas t h e  com- 
press ion values a re  not. Th i s  i s  because a l l  f l e x u r e  samples, except one 
f a u l t y  f l e x u r e  sample, exh ib i t ed  a b r i t t l e  tens i le - type  of f a i l u r e  t y p i f i e d  
by t h a t  shown i n  F igure 4. However, s i g n i f i c a n t  u l t i m a t e  and res idua l  com- 
press ion values were obtained from t h e  data on t h e  compression t e s t s  although 
t h e  u l t i m a t e  a x i a l  s t r a i n s  might be questioned on t h e  grounds t h a t  t h e i r  
values ( i n  t h e  neighborhood o f  30,000 IJ i n / i n )  poss ib l y  exceed t h e  range of 
r e l i a b i l i t y  of t h e  gage and bonding mater ia l ,  
On t h e  o t h e r  hand, because o f  t h e  d i f f i c u l t y  i n  determining a unique 
va lue for t h e  tangents t o  the  compressive load-s t ra in  curves (see Sect ion 
3,Zd) and, because o f  t h e  cons is ten t  nature o f  t h e  behavior of t h e  f l e x u r e  
specimens, it was f e l t  t h a t  t h e  f l e x u r e  data ind ica ted  a more r e a l i s t i c  
value for t h e  second-cycle moduli and Poisson r a t i o s  i n  tens ion  and compres- 
sion. 
than those from t h e  compression tes ts .  
Therefore, these f l e x u r e  values a re  thought t o  be more s i g n i f i c a n t  
Those values, which i n  t h e  judgment of t h e  w r i t e r  a re  thought  t o  be 
most i n d i c a t i v e  o f  t h e  mechanical behavior o f  t h e  mater ia l ,  a r e  tabu la ted  
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in the  next section of t h i s  report,  whlch i s  devoted to the  individual  
Experiments D-l I O ,  D-l I I ,  and D-I 12. 
1 
t 
I 
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4. Resul ts 
A l l  tabulated data are displayed i n  Appendixes A, 8, and C f o r  Experi- 
ments 0-110, 0-111, and D-112, respect ively.  
4.1. Experiment 0-110 - H4LM Stress-Strain Study. 
These samples are c u t  from hor i zon ta l  (s labs  A, B, C) and v e r t i c a  
( s labs  E, F, GI slabs represent ing fou r  d i f f e r e n t  azimuthal locat ions 
90°, 180°, 270°) i n  a large molded g raph i te  c y l i n d e r  o f  in te res t .  See 
ures 6 and 7, Each s lab has been c u t  i n t o  s t r i p s  labeled I through 4, 
oo , 
Fig- 
and 
a rectangular  f l e x u r e  sample was machined l o n g i t u d i n a l l y  from each of s t r i p s  
I ,  3, and 4, wh i le  s t r i p  2 was machined i n t o  two long i tud ina l  compressive 
samples (2-1 and 2-21. I n  t h e  hor izonta l  s labs A and C, t h e  s t r i p s  are 
approximately tangen t ia l  to  t h e  molded cy l i nde r ,  numbered along an increased 
radius, wh i l e  the  s t r i p s  from slab B are roughly p a r a l l e l  t o  t h e  rad ius o f  
t h e  o r i g i n a l  cy l i nde r .  I n  the  v e r t i c a l  s labs E and G, t he  s t r i p s  a re  par- 
a l l e l  t o  t h e  a x i s  of t h e  cyl inder,  numbered along an increased radius, wh i l e  
t h e  s t r i p s  from s lab F were c u t  r a d i a l  ly, numbered f rorn top t o  bottom, This  
scheme provided representat ion for  every t y p i c a l  o r i e n t a t i o n  and l o c a t i o n  
w i t h  minimum redundancy, Samples were i d e n t i f i e d  i n  t h e  f o l l o w i n g  manner: 
H4LM-090-A-2-2, which r e t a i n s  the type, slab, s t r i p ,  and sample i d e n t i t y ,  
respect ive I y e  
The f l e x u r e  samples were instrumented w i t h  Micro-Measurements f o i l - t y p e  
on samples were instrumented 
21-R2TS, l o t  A7-FIJ-2 ( lead- 
goo r o s e t t e  gages 
w i t h  Budd encapsu 
less) e 
EA-03-125TM, whi le t h e  compress 
ated stacked rose t te  gages EC3- 
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The samples were instrumented i n  t h e  f o l l o w i n g  manner. 
Sample A gaged on top  sur face 
I 1  t o p  11 11 B 
c f r o n t  
'I E f r o n t  
I1 top  11 11 F 
G " sur face adjacent t o  
f r o n t  sur face 
Hence, w i t h  t h i s  c u t t i n g  and inst rument ing p a t t e r n  and denot ing t h e  
l ong i tud ina l ,  tangent ia l ,  and r a d i a l  d i r e c t i o n  w i t h  I, 2, and 3, respec- 
t i v e l y ,  t h e  data from each of the  samples can be r e l a t e d  t o  t h e  axes of t h e  
c y l i n d e r  i n  t h e  f o l  lowing manner. 
Samp I es 
A 
6 
C 
E 
F 
G 
Ax ia l  
2 
3 
2 
I 
3 
I 
- Poi sson 
3 
2 
I 
2 
2 
3 
-
Note t h a t  samples A and C, samples B and F, and samples E and G g i v e  
s u b s t a n t i a l l y  t h e  same a x i a l  data and hence a re  grouped together  i n  t h a t  
manner i n  t h e  tabu la ted  r e s u l t s  o f  Appendix A. Furthermore, samples B and 
F g i ve  s u b s t a n t i a l l y  the same Poisson data, which cou ld  have been avoided 
had sample B o r  F been instrumented on i t s  sur face adjacent  t o  t h e  top  sur- 
face ra the r  than on i t s  t op  surface, thus y i e l d i n g  " 1 "  Poisson data. 
By a r a t i o n a l  eva lua t ion  of t h e  data based on sample fam i l y  populat ion, 
t h e  H4LM may be s a i d  t o  e x h i b i t  t he  mechanical p r o p e r t i e s  l i s t e d  i n  Table l a  
and Table Ib, i n  which d ind icates t h e  s t r a i n  damage as def ined e a r l i e r .  
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I n  general, one can conclude t h a t  t h e  g raph i te  i s  more than twice as 
s t rong  i n  compression as tension, i s  weakest i n  t h e  l ong i tud ina l  d i r e c t i o n  
of t h e  cy l i nde r ,  and t h a t  t h e  t ransverse plane i s  a plane of isot ropy.  
Further, t h e  l ong i tud ina l  modulus i s  s l i g h t l y  h igher  than t h e  t ransverse 
modulus and the re  a re  th ree  d i s t i n c t  Poisson r a t i o s  ( v i 2  or ~ 1 3 ,  v21 or ~ 3 1 ,  
and ~ 2 3  or ~ 3 2 ) ~  
p r o p e r t i e s  of a t ransverse ly  i s o t r o p i c  mater ia l .  
Thus one could conclude t h a t  t h e  H4LM graph i te  e x h i b i t e d  
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H4LM GRAPH I TE 
SAMPLE SELECTION 
Top surface refers t o  the transverse plane of the 
cylinder and  the front refers t o  the outside surfaceD 
Figure 6 
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H4 LM GRAPH I TE 
SAMPLE SELECTION 
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/ Table  l a  
Mechanical Properties 
Experiment D-I I O  Flexure Tension Materia I : H4LM 
Property 
El psi 
E2 psi 
E3 psi 
" 130"12 
V23 
v2 I 
v32 
01 Psi 
42 psi 
a3 psi 
" 1  u in/ln 
~2 u in/in 
"3 P in/in 
d l  u in/in 
d2 u in/in 
d3 p in/in 
OOOO 
I .33 
1.10 
I .09 
0. I35 
0.126 
0 . 097 
0.120 
2400 
2350 
2700 
2250 
2850 
3300 
31 5 
375 
475 
Or i e1 
090° 
I .32 
I 2 3  
1.10 
0 , I I I  
0.133 
0.09 I 
0.109 
I950 
2700 
2550 
I800 
2900 
2950 
I95 
405 
440 
tation 
180' 
1.19 
I 2 3  
1.19 
0.120 
0.160 
0. I16 
0. I40 
I750 
2850 
2500 
I800 
3000 
2650 
235 
390 
340 
270' 
1.16 
1-22 
I .22 
0.101 
0.1 17 
0.086 
0.099 
I950 
2850 
2800 
2100 
3350 
2850 
240 
450 
350 
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Table I b  
Mechanical Proper t ies  
Exper i ment D- I I O  F I exu re  Compress i on Mater ia l  : H4LM 
Property 
E l  p s i  
E2 p s i  
E3 P S I  
V13rV12 
V23 
V 2  I 
v32 
Q I  Psi 
a2 PSI  
=3 Psi 
c IJ i n / i n  
€2 IJ i n / i n  
€3 IJ i d i n  
d l  IJ i d i n  
d2 IJ i n / i n  
d3 IJ i n / i n  
OOOO 
I ,36 
1.14 
1.17 
0, I27 
0.129 
O a  I13 
0. I15 
5750 
6800 
20500 
2 I600 
3800 
6050 
O r  i entz 
090° 
I .4 l  
I .26 
I .08 
0,I 17 
0,137 
0 . 096 
0.108 
Un i ax i a I Comp ress i on 
4850 
6200 
5550 
I4700 
I9050 
I7650 
3460 
4700 
4750 
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i on 
180' 
I .21 
I ,25 
I .23 
0,130 
O a  I57 
0. I I 5  
0.148 
5500 
6600 
6150 
I7450 
I9800 
I8500 
3950 
5100 
4550 
270° 
1.19 
I .3l 
I .21 
0,103 
0.126 
0. I16 
0.1 18 
5400 
6650 
5900 
I9550 
2 I 500 
I7600 
4775 
5350 
4425 
I 
I 
1 
I 
I 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
4.2. Experiment D-I I I - ATJ Stress-Stra in  Study. 
These samples were se lected i n  a manner q u i t e  s i m i i a r  t o  those f o r  
D-110; however, they represent four d i f f e r e n t  ATJ-based mater ia ls ,  T h i r t y  
samples of each type o f  mater ia l  (18 f l e x u r a l  and 12 compressive) were pro- 
v ided for evaluat ion.  These are  i d e n t i f i e d  as t h e  fo l low ing :  
Type I HT-ATJ-LX-08028-1 
Older  mater ia l ,  known t o  be rad io-  
g raph ica l l y  sound, heat t rea ted  one 
hour a t  25OO0C. 
Mater ia l  obta ined approximately one 
year ago, rad iog raph ica l l y  unsound, 
heat t rea ted  one hour a t  2500'C. 
Type 2 HT-ATJ-W-09029-1 
Type 3 HT-ATJ - A i r  Mai I 
A very recen t l y  obta ined improved 
lot, heat t rea ted  one hour a t  25OOOC. 
NHT-ATJ - A i  r Mai I 
Type 3, b u t  not heat treated. 
Type 4 
I d e n t i f i c a t i o n  was by a standard sample number, s i m i l a r  t o  D- 
ATJ-I, A-2-2 designates t h e  second compressive sample c u t  from s t r  
s lab  A from ATJ type I block. See F igures 8 and 9. 
The f l e x u r e  samples were instrumented w i t h  Micro-Measurements 
90' r o s e t t e  gages EA-03-125TM, wh i le  t h e  compressive samples were 
IO ;  e,g., 
p 2 of 
f o i  I -type 
nstrumented 
w i t h  Budd encapsulated stacked rose t te  gages EC3-121-R2TS, l o t  A19-FDJ-I 
( f a c t o r y  i n s t a l l e d  leads). The samples were instrumented i n  t h e  f o l l o w i n g  
manner,, 
Sample A gaged on top  sur face 
11 
11 
11 
11 
11 
11 top  11 I1 B 
C " " f r o n t  
E " f r o n t  " 
F 
G " " sur face adjacent t o  
11 t op  
f r o n t  s u r f  ace 
11 11 
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l 
I 
Hence, w i t h  t h i s  c u t t i n g  and instrument ing pat tern,  t he  data from each 
sample can be re la ted  t o  the  I, 2 ,  and 3 axes of Figures 8 and 9 i n  t h e  
f o l l o w i n g  mannero 
Axia l  Poi sson -Samp I es 
A 3 2 
B 2 3 
C 3 I 
E 1 3 
F 2 3 
G I 2 
Note t h a t  samples A and C, samples 6 and F, and samples E and G g i ve  
s u b s t a n t l a l l y  t h e  same a x i a l  data ahd hence a re  grouped together  i n  t h a t  
manner i n  t h e  tabu la ted  resulTs of  Appendix B. 
F g i v e  s u b s t a n t i a l l y  t he  same Poisson data, which could have been avoided 
had samples B o r  F been instrumented on i t s  sur face adjacent t o  the  top  
sur face  ra the r  than on i t s  top surface, thus y i e l d i n g  " I "  Poisson data. 
By a r a t i o n a l  eva lua t ion  of t h e  data based on sample fam i l y  populat ion,  
Furthermore, samples 8 and 
t h e  ATJ graphi tes may be sa id  t o  e x h i b i t  t h e  mechanical p roper t i es  l i s t e d  
I n  Table I l a  and Table I l b ,  i n  which d ind ica tes  t h e  s t r a i n  damage as def ined 
e a r l i e r .  
I n  general, one concludes t h a t  type 3 i s  t h e  s t rongest  o f  t he  graph i tes  
and t h a t  a l l  o f  them are weakest i n  the  d i r e c t i o n  normal t o  t h e  plane par- 
a l l e l  t o  the  g ra in  of the  mater ia l ,  Further,  hey tended t o  e x h i b i t  two 
d i s t i n c t  moduli and th ree  d i s t i n c t  Poisson r a t  os al though in  t ype  3 t h e  
Poisson r a t i o s  tended t o  lose d i s t i n c t i o n .  A I  o f  t h e  types were obv ious ly  
weaker i n  tens ion than compression. 
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ATJ GRAPHITE 
SAMPLE SELECT ION 
I 
G 
t- z 
0 
CK 
G 
3 
I 
L E  F-7 R I G H T  
Top sur face re fe rs  t o  t h e  upper p lane 
para1 le1 t o  t h e  g ra in  of Phe mater ia l  
/ 
Figure 8 
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ATJ GRAPHITE 
SAMPLE SELECT 1 ON 
T O P  
F R O N T  
A or C B 
T O P  
I I 
*b 
/ 4 
/ 
E o\z G 
/ 
2 
I- 
2 
0 e 
' 4  
Figure 9 
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Table  I l a  
Mechanical Propert ies 
Experiment 0-111 Flexure Tension Mater i a I : ATJ 
Property 
E l  psi 
E2 psi 
E3 Psi 
v13rv12 
v23 
V32 
"3 I 
0 1  ps i  
62 psi  
a3 p s i  
€ 1  IJ in / in  
"2 IJ i n / i n  
€3 IJ i n / i n  
dl p i n / i n  
d2 IJ i n / i n  
d3 IJ i n / i n  
I 
I ,08 
I .60 
I . 5 l  
0. IO4 
0.086 
0.077 
0, I32 
3300 
4250 
4200 
3800 
3250 
3300 
500 
270 
310 
1 
2 
I ,02 
I .51 
I .58 
0 . 084 
0 . 086 
0.095 
0.148 
3000 
4350 
4450 
3650 
3450 
3400 
475 
360 
385 
Pe 
3 
I .26 
I .7l 
I .58 
0 . 094 
0. IO5 
0 , 078 
0 , 083 
3700 
5200 
4750 
3700 
3775 
3675 
515 
475 
440 
4 
1.16 
I .68 
1.53 
0 , 098 
0 . 088 
0. oaz 
0. I34 
3450 
4850 
4450 
3700 
3600 
3500 
510 
430 
445 
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Table l i b  
Mechan ica I Propert  i es 
Experi rnent 0- I I I F I exu r e  Compress i on M a t e r i a l :  ATJ 
Property 
El psi  
E2 psi  
E3 psi  
I 3 P l 2  
V23 
V32 
v3 I 
0 1  ps i  
a2 psi  
a3 p s i  
e l  ~r i d i n  
e2 I.I i n / i n  
e3 ~r i n / i n  
d l  p i n / i n  
d2 IJ i n / i n  
d3 ~r i n / i n  
I 
1 , l O  
I .59 
I .53 
0.109 
0.084 
0 e 077 
0.138 
TYI 
2 
I .09 
1,54 
I ,66 
0 0 090 
0.088 
0 096 
O b  I56 
Uniaxial  ComDtession 
9000 
9500 
9350 
33000 
24200 
22 IO0 
I0700 
7000 
6300 
I0550 
IO000 
I0400 
34400 
25500 
25300 
l O i O 0  
6550 
6850 
3 
3 
I .27 
I .68 
I .6l 
0 e 099 
O b  IO3 
0 . 075 
0 . 087 
I0700 
I0800 
I0400 
36600 
25500 
23900 
9800 
6800 
6000 
4 
1.15 
I .69 
I .62 
0.100 
0 090 
0 089 
0. I42 
9900 
I0200 
9900 
34000 
25700 
25300 
9850 
6650 
6650 
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4.3, Experiment D-I12 - Experimental Graphi te Evaluation. 
This represented a l i m i t e d  scout ing study o f  some less common graphi tes 
which are candidates f o r  s t r u c t u r a l  appl icat ions.  There are seven mate r ia l s  
(a1 I heat t r e a t e d  f o r  an hour a t  2500°) o f  In te res t ;  and, wh i l e  t h e  o r i g i n a l  
i n t e n t  was t o  ob ta in  f l e x u r a l  samples from each o f  t h e  mutual ly orthogonal 
p l e s  were provided instead, 
"transverse" o r  i e n t a t  ion, wh 
d ina l " ;  t h a t  is, t h e i r  major 
d i rec t i ons ,  b i l l e t  s i z e  d i d  n o t  always permit  
I 
f 
e 
As a resu l t ,  a 
le most o f  t h e  
ax is  was para1 
t h i s  and so compressive sam- 
compressive specimens had a 
exural  samples were " l ong i tu -  
t o  the  greatest  dimension 
a n d / o r  t h e  layered planes o f  the o r i g i n a l  b i l l e t s .  I d e n t i f i c a t i o n  i s  by 
t h e  g r a p h i t e  type, s u f f i x e d  w i t h  a one, two, or t h r e e  d i g i t  s e r i a l  number 
as in FQ3BI75-2-III. The se r ies  I through 3 i nd i ca tes  a t ransverse o r ien ta -  
t ion ,  w h l l e  II through 33 and I l l  through 333 are  long i tud ina l  specimens. 
F lexu ra l  samples, i d e n t i f i e d  by the two d i g i t  ser ies,  were i d e n t i c a l  t o  
those of t h e  th ree  d i g i t  ser ies;  however, t he  t h r e e  d i g i t  samples were 
instrumented and t e s t e d  i n  a manner t o  prov ide a 90° r o t a t i o n a l  r e l a t i o n s h i p  
w i t h  respect to t he  one and two d i g i t  samples. 
F igure I O  
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I n  F lgure IO, the  T,L plane (T,L denoting t ransverse and 
respec t i ve l y )  i s  p a r a l l e l  t o  layered planes of the  o r i g i n a l  b 
t h e  data from each sample can be re la ted  t o  the  T, L, and N d 
l ong i i ud ina l  
I le t .  Hence 
rec t i ons  i n  
t h e  f o l  lowlng mannero 
Poi sson 
I 
Axial -Samp I e 
I ,2,3 T L 
I I ,22,33 L T 
111,222,333 L N 
Although the  amount of data i s  t o o  l i m l t e d  t o  draw any d e f i n i t e  conclu- 
slons, t h e  data i nd i ca te  t h a t  the graphi tes e x h i b i t  t he  mechanical p roper t l es  
l i s t e d  i n  Tables I l l a ,  b, c, d, e, f ,  and g. 
82691 types appeared t o  be the  strongest, wh i l e  the  EP19244 was c l e a r l y  t h e  
weakest . 
In  general, t h e  PO38175-2 and 
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Table l l l a  
Mechanical Properties 
Experiment 0-112 Mater I a I : P03B 175-2 
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Table IIlb 
Mechanical Propert ies 
Experiment D-l 12 Mater ia l :  E-24-554F-2 
Property 
F I exu r e  
Tension 
I .21 
0.226 
0.253 
3600 
3250 
I 50 
~ 
F I exu r e  
Compression 
I .23 
0 . 234 
0 ,243 
Un i ax i a I 
Compress ion 
I .01 
0.24 I 
I0600 
I3200 
I600 
WVU EES Page 39 
I 
1 
1 
I 
Table I I l c  
Mechanical Propert ies 
Exper i ment D- I I 2  Mater ia l :  82691 
Property 
EL psi 
ET psi 
LT 
VLN 
VT L 
QL Psi 
UT Psi 
EL IJ i n / i n  
ET IJ i d i n  
dL v i n / i n  
dT IJ in / in  
F I exu re  
Tens ion 
I ,98 
0.156 
0.158 
6550 
4050 
485 
F I exure 
Compression 
2.12 
0.175 
0.180 
I 
1 
I 
I 
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Un iax i  a I 
Compression 
I .34 
0.183 
I8300 
27450 
6000 
1 
1 .  
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
Table IIld 
Mechanica I Propert ies 
Experiment D-112 Mater ia l :  RVC 
Property 
LT 
LN 
V~ L 
UL PS 
F I exu re 
Tens ion 
I .99 
0. I38 
0 . 079 
4550 
2800 
353 
Tens ion 
Compression 
0.134 
0.079 
UT psi 
CL p in/ n 
ET p in/  n 
dL u i n / i n  
dT p i n / i n  
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Un i ax ia  I 
Compress ion 
0.73 
0,098 
I1500 
3 I900 
I0050 
I 
Table I l l e  
Mechan i ca I Propert Ies 
Experiment D- I I 2  Materia 1 : SX4-2 
P rope rt  y 
F I exu re  
Tens ion 
I *34 
0. I15 
0,163 
3800 
3700 
510 
Flexure 
ComD ress ion 
I ,35 
0. I48 
0.173 
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Un i ax ia  I 
Compress ion 
0.59 
0.146 
6950 
26300 
7090 
I 
I '  
E 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Experiment D- I 12 
Property 
Table i l l f  
Mechanica I Propert ies 
Mater ia l :  EP192-3 
~~ 
Flexure 
Tens ion 
I .40 
0 . 232 
0.239 
4750 
3900 
285 
F I exu r e  
Compression 
I .48 
0 260 
0 256 
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Un iax i  a 1 
Compression 
I .29 
0.280 
I4350 
33400 
4625 
Experiment 0-112 
Property 
EL psi 
ET psi 
LT 
LN 
V~ L 
Q L  Psi 
UT psi 
EL p in / in  
ET v i n / i n  
dL v in / in  
dT v in / in  
Table I I l g  
Mechanica I Propert ies 
~ 
F I exu re 
Tens ion 
0 a 882 
0 a 208 
0 206 
I900 
2200 
69 
Mater ia l :  EP192-C4 
Flexure 
Compress ion 
0.910 
0.232 
0.217 
WVU EES Page 44 
Un i a x i  a I 
Compression 
0.78 
0.2 IO 
8150 
26450 
4200 
5. Conversion of Load-Strain F lexure 
Data t o  St ress-Stra in  Data 
Recal I t h a t  t he  recorded data were actual  l y  non-l inear  load versus s t r a i n  
curves f o r  two loading cyc les  and t h a t  t h e  s t resses r e f e r r e d  t o  i n  Sections 3 and 
4 were i n  r e a l i t y  nominal s t resses d i r e c t l y  p ropor t iona l  t o  t h e  load, For t h e  uni -  
a x i a l  compression data t h e  nominal s t ress  d i f f e r s  from the  t r u e  s t r e s s  on ly  by an 
amount p ropor t i ona l  t o  t h e  reduct ion i n  cross sec t iona l  area which i s  o f  n e g l i g i b  
importance., However, f o r  the  f l exu re  data, because of t h e  non- l i nea r i t y  o f  t h e  
load-s t ra in  curves, t h e  nominal s t ress  and t h e  ac tua l  f l e x u r e  s t ress  cou d d i f f e r  
by a s i g n i f i c a n t  amount. Thus, for t h e  sake of completeness, a computerized pro- 
cedure was developed f o r  determining t h e  f l e x u r e  s t resses from the  l oad -s t ra in  data, 
Since o r i g i n a l  undeformed sample dimensions are  used i n  t h e  ca lcu la t ions ,  t h e  s t r e s s  
computed here in  i s  sometimes re fe r red  t o  as t h e  engineer ing s t ress.  
5, I Non-Linear Flexure, 
The load-stress r e l a t i o n s h i p  f o r  f l e x u r e  can be obta ined s o l e l y  on t h e  bas i s  
of geometry and e q u i l i b r i u m  considerations. 
s t r a i g h t  beam subjected t o  pure bending, see F igure 1 1 .  Then 
Consider a p o r t i o n  of an i n i t i a l l y  
8 26 = and L = E 
where R i s  t h e  instantaneous rad ius of  curva ture  of t h e  neu t ra l  ax is ,  d i s  t h e  
d is tance along t h e  neu t ra l  axis, and E i s  t h e  a x i a l  s t r a i n  a t  a d is tance y from 
t h e  neut ra  axis, 
From equ i I b r i  um 
f i  da = 0 and M = -/y T da 
arm m 
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I 
F igure I I 
when T i s  t he  f l e x u r e  s t ress  and the i n t e g r a l s  a re  taken over the  cross sec t ion  o f  
t h e  beam,, 
form T = f ( e )  these become 
Then assuming a general single-valued s t ress -s t ra in  r e l a t i o n  of the  
where b i s  t he  width o f  t he  beam and the  subscr ip ts  t and c denote maximum tens i  
and compression values a t  t he  outer  surfaces. Now 
SO t h a t  from ( 2 )  we have 
or 
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and 
I 
1 
1 
1 
1 
1 
or 
c; 
D i f f e r e n t i a t i n g  ( 5 )  we have 
Combining (31, (4) and ( 6 )  we obta in  
bh2TtTc  - I d - -- (M+2) 
=t + Tc 0 d+ 
so t h a t  f i n a l l y  we have 
which, i n  conjunct ion w i t h  ( 3 )  and ( 4 1 ,  are  t h e  des i red r e l a t i o n s  between t h e  
f l e x u r e  s t resses and the  bending moment M. 
5,2 Computation of  Flexure Stressess 
The prev ious d e r i v a t i o n  was based on t h e  assumption of a s ing le-va lued s t ress-  
s t r a i n  r e l a t i o n  'I = f ( c )  which does n o t  e x i s t  f o r  g raph i te  except i f  t h e  loading i s  
monontonic increas ing which, o f  course, was n o t  t r u e  i n  t h e  experiments described 
i n  t h i s  repor t ,  However, t h i s  d i f f i c u l t y  was s a t i s f a c t o r i l y  circumvented by d i -  
v i d i n g  t h e  cont inuously  recorded loads t ra in  curves i n t o  th ree  d i s t i n c t  po r t i ons :  
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t h e  i n i t i a l  f i r s t  cyc le  loading, the unloading, and t h e  second-cycle re loading;  
and t r e a t i n g  each of  these po r t i ons  i n d i v i d u a l l y .  For  t h e  f i r s t  c y c l e  loading t h e  
raw data from t h e  curves was used d i r e c t l y  in  t h e  computations, For t h e  second 
load inq  c y c l e  t h e  o r i g i n  of t h i s  p o r t i o n  was e f f e c t i v e l y  s h i f t e d  by sub t rac t i ng  
the  res idua l  s t r a i n  value from a l l  subsequent s t r a i n  values on t h a t  p o r t i o n  of t h e  
curveo For t h e  unloading por t ion ,  a l i n e a r  m o d i f i c a t i o n  of t h e  data was made by 
sub t rac t i ng  no th ing  a t  t he  Juncture w i t h  t h e  f i r s t  load c y c l e  p o r t i o n  and sub- 
t r a c t i n g  t h e  res idua l  value of  t h e  s t r a i n  a t  i t s  j unc tu re  w i t h  t h e  second loading 
cycle, and sub t rac t i ng  a p ropor t iona l  amount from t h e  s t r a i n  values i n  between, 
These co r rec t i ons  of t h e  s t r a i n  values a re  i I  l u s t r a t e d  i n  F igure 12. I t  was f e l t  
t h a t  these mod i f i ca t i ons  of the  data were q u i t e  reasonable i n  view of t h e  t e s t i n g  
p rocedu re 
Since the  computational procedure was p r i m a r i l y  a f i n i t e  d i f f e r e n c e  technique, 
t h e  s e l e c t i o n  of t h e  s t a r t i n g  p o i n t  and increment of t h e  data p o i n t s  of t h e  curve 
was found t o  be extremely c r i t i c a l  t o  t h e  success of t h e  program. It was found 
t h a t  t h e  increment had t o  be large enough t o  e l i m i n a t e  meaningless r e s u l t s  and 
s c a t t e r  b u t  small enough t o  prov ide a s a t i s f a c t o r y  number of po in ts .  
5,3 Comparison of  Nominal and Flexure Stresses. 
Data p o i n t s  were taken and t h e  computer program developed. Computations were 
made o n l y  f o r  t h e  ATJ-3 g raph i te  o f  Experiment D - I l l  which was taken t o  be repre- 
sen ta t i ve  of t h e  data repor ted herein, 
t h e  s t r e s s - s t r a i n  curves f o r  t h e  f lexure  tes ts .  From these const ructed s t ress-  
s t r a i n  curves t h e  parameters analogous t o  those discussed i n  Sections 3 and 4 were 
determined, namely t h e  u l t i m a t e  stress, u l t i m a t e  s t r a i n ,  second c y c l e  modulus, and 
80% s t r a i n  damage. The r e s u l t s  are shown i n  Tables I V  and V, Also, t h e  sample 
curves o f  F igure 13 show t h a t  t h e  nominal s t resses were genera l l y  of t h e  o rde r  o f  
The computer ou tpu t  data were p l o t t e d  as 
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10% h igher  than the  actual  f l e x u r e  s t resses wh i l e  t h e  nominal second c y c l e  modulus 
was of  t h e  order  o f  5% h igher  than t h e  actual  modulus. Both of these r e s u l t s  were 
a n t i c i p a t e d  from t h e  na ture  o f  t h e  o r i g i n a l  data. 
A C 
S T R A I N  
FigGre 12 
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TABLE I V a  
CHARACTERlSTfC PARAMETERS 
.FLEXURE TENS IO?4 
(Based OR Stress-Stta 1 n Curves) 
Test No, Utt,Stress Ult.Strain Second Cycle 80% 
(psi 1 (Mi  crol n 6/ I nch 1 Modu I us S t r a i n  Damage 
x I06 pst 
3-A- I 4300 
3 4 - 3  3950 
3-A-4 4250 
MEAN 
3-c- I 4100 
3 4 - 3  3750 
34-4 54 00 
4270 
3600 
3860 
3910 
3350 
3/00 
3830 
-
I .372 640 
I .556. 560 
1.463 620 
I .586 400 
1.479 400 
I .802 640 
MEAN 4282 3427 1,543 545 
3-E- 1 3450 3700 1,244 560 
3-E-3 3400 3560 1.206 * 480 
3-E-4 3600 3880 I .253 560 
3-60 1 3150 30 80 1.141 120" 
3-E3 3100 3660 1.150 480 
3-G-4 3250 -3840 I .056 440 
MEAN 3350 3620 1.175 440 
3-89 I 5050 3780 I ,764 520 
3-8-3 4550 3880 I ,382 520 
3-8-4 4700 3640 I .7lO 400 
3-F- I 4100 3850 I .539 520 
3-F-3 4800 3600 I ,?4 I 560 
3-F-4 4600 3960 1.244 600 
- - 
MEAN 4633 3787. 1.597 520 
%pecimcn 3-G-I had a zero residual strain, 
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TABLE IVS 
CHARACTER1 ST I C  PARAMETERS 
FLEXURE TENSION 
(Based on  Load-Strain Curves) 
Specimen No. Ul t .Stress U I t . Sfra i n Second Cycle 80% 
( p s i  1 (mlcroin./ inch) Modulus S t r a  in Damage 
x I06 p s i  
3-A- I 4909 4270 I .4464 550 
3-A-3 4578 3600 I .5637 420 
3-A-4 4786 3860 I .5325 480 
MEAN 3910 
- 
3-c- I 4578 3360 1.6337 360 
3-c-3 4238 3120 1.6016 320 
3-c-4 5392 3830 I .7028 520 
MEAN 4747 3437 I .5ao1 442 
3-E- I 3793 3720 I .3225 530 
3-E-3 3755 3570 I .3462 480 
3-E-4 4020 3880 I .3168 520 
3-G- I 331 I 3060 1.1598 470 
3-G-3 3 523 3640 I *23 I7  480 
3-G-4 3708 3840 1.207 I 620 
~~ 
MEAN 3685 361 a 1.2640 516 
3-B- I 5505 3770 I .8097 460 
3-B-3 5259 3880 I .7274 530 
3-8-4 5146 3640 I .7340 440 
3-F- 1 4843 3840 I .6082 440 
3- F-3 5297 3650 1,7898 480 
3-F-4 5127 3960 I .6006 480 
MEAN 5196 3790 I .71 I6 472 
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TABLE Va 
I 
I 
I 
I 
CHARACTERISTIC PARAMETERS 
FLEXURE COMPRESS I OZ4 
(Based on Stress-Strain Curves) 
Test No. Ult .Stress U l t . S t r a i n  Second Cycle 80% 
( p s i )  , (micro1 n.r! inch) Modu I us S t r a i n  Carnage 
x 106-ps i  
3-A- I 4250 4020 1,534 520 
3-A-3 4350 3420 1.588 440 
3-A-4 4700 3620 I ,600 440 
MEAN 3,687 
3-c- I 4300 3250 I .693 440 
3 4 - 3  4100 *2800 I ,865 400 
3-c-4 5100 3780 2.066* 660" 
MEAN 4466 3482 I ,724 483 
3-E- I 3550 3720 I .204 480 
3-E-3 3250 3540 I .244 480 
3-E-4 3750 3920 I ,222 440 
3-6- I 3300 2900 1.306 . 80** 
3-G-3 3350 3460 I ,244 480 
3-G-4 2900 3680 I ,282 440 
- ~~~ ~ 
MEAN 3350 3537 1.250 400 
3-8- I 5050 3850 I .62l 400 
3-B-3 4550 3860 I . 692. 480 
3-8-4 4350 3640 1.671 500 
3-F- I 4350 3860 1,556 440 
3-F-3 5000 3760 I .585 400 
3-F-4 4700 3760 I .555 420 
MEAN 4667 3758 1.613 440 
-~ ~~ ~ 
a * Test 3 4 - 4  recycled 3 tlmes 
** Specimen 3-G-I had a zero o f f s e t  s t r a i n  
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I 
I 
I 
I 
I 
I 
I 
B 
I 
I 
I 
I 
I 
I 
i 
I 
I 
I 
I 
TABLE Vb 
CHARACTER1 ST I C PARAMETERS 
FLEXURE COMPRESSION 
(Based on l oad-s t ra in  curves) 
Spec imen No. U I t, Stress UI t e s t r a i n  Second Cycle 
( p s i )  (Microin./ inch) Modulus 80% 
x IO6 p s i  S t r a i n  Damage 
4909 4010 I , 5250 500 3-A- I 
3 4 - 3  4635 3490 1.6214 400 
3-A-4 4758 3640 1,3045 390 
MEAN’ 37 I3  
3-c- I 4569 32 50 I 6943 360 
3-c-3 4219 2800 1,768 I 280 
3 4 - 4  5430 3800 I ; 7463 520 
MEAN 4753 3283 1,6099 . 408 
3-E- I 3876 3720 I .2629 480 
3-E-3 382 I 3610 1,3083 400 
3-E-4 4096 3920 1.3055 . 450 
3-G- 1 3334 2920 I , 2062 400 
3 4 - 3  3566 3480 I ,2610 400 
3-6-4 3736 3670 I .2752 510 
MEAN 3738 3554 I .2698 440 
460 
510 
3-B- I 5467 3840 1,7681 
3-B-3 5184 3860 I . 7028 
3-8-4 4938 3650 I 6943 460 
3-F- 1 4843 3680 I ,6167 4 IO 
3-F-3 5307 3770 I .6706 420 
3-F-4 506 I 3740 I , 6422 400 
MEAN 5 I33 37 57 I . 6824 445 
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I 
I ’  
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Overa 
Some signa 
e l im ina ted  
800, Also 
6. Concluding Remarks 
I ,  t h e  experimental technique appeared t o  be cons is ten t  and r e l i a b l e ,  
no ise and balanc ing problems were encountered which were eventua l l y  
by rep lac ing  t h e  Model 300C Daytron ic  a m p l i f i e r s  w i t h  t h e  o l d e r  Model 
considerable s h o r t i n g  problems were encountered i n  t h e  Poisson arm o f  
t h e  leadless Budd stacked r o s e t t e  gages, These d i f f i c u l t i e s  disappeared w i t h  t h e  
use of t h e  Budd gages w i t h  fac to ry  i n s t a l l e d  leads. 
Inso far  as t h e  data i t s e l f  i s  concerned, t h e  continuous two-cycle load vs 
s t r a i n  curves prov ide  a wealth of i n t e r e s t i n g  information, o f  which on ly  a very 
smal I p o r t i o n  has been tabu la ted  and discussed i n  t h i s  repor t .  There can be I i t t l e  
doubt t h a t  t h e  graph l tes  e x h i b i t e d  b r i t t l e  behavior under t h e  room temperature ex- 
perimental cond i t i ons  and t h a t  t h e  u l t i m a t e  nominal s t resses ca l cu la ted  i n  t h e  
manner discussed i n  Section 3.1 are q u i t e  i n d i c a t i v e  of t h e  u l t i m a t e  t r u e  s t resses  
of t h e  mater ia  S. 
f a i l u r e  c r i t e r  a o r  f a i  l u r e  mechanism f o r  graphi te .  
However, no claims can be made t h a t  t h i s  data es tab l i shes  any 
A!so, i+ s c ! e a r  t h a t  t he  manufacturing and heat t r e a t i n g  processes p lay  an 
important r o l e  i n  i n f l uenc ing  t h e  p roper t i es  and anisot ropy of t h e  graphi te .  Th is  
f a c t  imp l ies  t h a t  meaningful data for  g raph i te  can on ly  be obta ined i f  i t s  manu- 
facture,  heat t rea t i ng ,  machining, and t e s t i n g  a re  a l l  c a r e f u l l y  c o n t r o l l e d  and 
recorded. I n  t h i s  regard t h e  two-cycle t e s t i n g  program played a very important 
ro le .  
t h a t  f o r  t h e  second loading c y c l e  the most s i g n i f i c a n t  immediate h i s t o r y  of t h e  
g raph i te  was d e f i n i t e l y  known. This improved t h e  c r e d t b i l i t y  of  t h e  data and con- 
s ide rab ly  reduced the  s c a t t e r  usual l y  inherent  i n  g raph i te  tes t i ng .  
The f i r s t  c y c l e  loading a c t u a l l y  served as a h i s to ry -es tab l i sh ing  device so 
I t  was t h e  i n t e n t  o f  t h i s  i nves t i ga t i on  t o  determine and measure parameters 
of t h e  t e s t  behavior of  t h e  m a t e r i a l  which a re  i n d i c a t  
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ve of  i t s  s t r u c t u r a  
I 
c a p a b i l i t i e s .  
n i t e  con t r i bu t i on .  
To t h i s  end, t h e  tabulated r e s u l t s  of  t h i s  repo r t  represent a d e f i -  
F i n a l l y ,  one o f  the  most i n t e r e s t i n g  aspects o f  t h e  data was t h e  h i s t o r y  de- 
I n  a subsequent i n v e s t i -  pendent c h a r a c t e r i s t i c  o f  t h e  behavior of  t h e  graphite. 
ga t i on  e f f o r t s  w i l l  be made t o  develop a h is to ry - type  of c o n s t i t u t i v e  equat ion for  
g raph i te  i n  genera I which cou I d i ncorporate parameters representa t ive  o f  such fac- 
t o r s  as g r a i n  size, manufacture and heat t r e a t i n g  processes, loading h i s to ry ,  temp- 
e ra tu re ,  e tc .  Such a broad a t t a c k  on graph i te  might we l l  lead t o  more f r u i t f u l  re -  
s u l t s  than have thus  f a r  been obtained w i t h  much more narrow, i n tens i ve  e f f o r t s .  
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APPENDIX A 
Experiment D-l IO 
1 
FLEXURE SAMPLES 
Experiment D-110 
1 
I 
I 
1 
I 
1 
I 
1 
I 
I 
I 
1 
I 
I 
I 
I 
Specimen 
Number 
A- I 
-3 
-4 
B- I 
-3 
-4 
c- I 
-3 
-4 
E- I 
-3 
-4 
F- I 
-3 
-4 
G- I 
-3 
-4 
Mean 
Surf ace 
G S E  
T* F* 
T F  
T F  
T F 
T F 
T F 
F T  
F T  
F T  
F T 
F T 
F T 
T F 
T F 
T F 
F T  
F T  
F T  
D i mens i ons 
h in, t In, R in, 
0,7515 0,7515 4,494 
0,7510 0,7510 4,496 
0.7510 0,7510 4.496 
0,7520 0,7510 4,495 
0.7520 0.7520 4,496 
0,7520 0,7515 4.496 
0,7510 0,7510 4.496 
0,7510 0.7510 4.495 
0.7520 0,7525 4,495 
0,7510 0,7510 4,496 
0.7505 0,7495 4,496 
0,7510 0.7515 4,496 
0.7520 0,7515 4.496 
0,7505 0.7500 4.495 
0.7505 0.7500 4,496 
0.7500 0,7500 4,495 
0.7500 0.7500 4,496 
0,7500 0.7500 4,496 
Weight** 
Grams 
72 , 7599 
72 , 3045 
72 , 2955 
72 , 5646 
72 , 5226 
72 . 564 I 
72 e 3492 
72 , 2882 
72.6055 
72.6764 
72 03 I 2  
72 . 2505 
72 5004 
72 . 205 I 
72 , 2994 
72,3129 
72.1021 
72 0828 
72 . 3730 
*T,F - Designates top  and f r o n t  surfaces of  s lab ,  
**%a l e  accuracy I / I0,OOO grams, 
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Mate r ia l  : H4LM-000 
I nstrumented 3- 10-66 
Densi ty  
;rams /cm3 
I .7489 
1.7407 
I .7405 
I ,7438 
I ,7403 
I .7425 
I .7418 
I .7403 
I .7415 
I .7497 
I ,7313 
I ,7360 
1,7398 
1,7436 
I ,7430 
1,7449 
1,7394 
1.7390 
I .74150 
Test 
Remarks 
OK 
OK 
Bad data 
Adjusted 
OK 
Noisy Poisson 
tens ion  
OK 
OK 
OK 
OK 
3 c y c l e  
Bad 1st c y c l e  
OK 
Pre I oaded 
OK 
OK 
OK 
OK 
5 c y c l e  
Noisy Poisson 
tens ion  , 
Experiment D-l I O  
ipec i men 
Number 
A- I 
-3 
-4 
B- I 
-3 
-4 
c- I 
-3 
-4 
E- I 
-3 
-4 
F- I 
-3 
-4 
G- I 
-3 
-4 
Mean 
Surface 
G S E  
T* F* 
T F  
T F  
T 
T 
T 
F T  
F T  
F T  
F 
F 
F 
T 
T 
T 
F 
F 
F 
F 
F 
F 
T 
T 
T 
F 
F 
F 
T 
T 
T 
FLEXURE SAMPLES 
Dimensions 
h in,  t in ,  !I in ,  
0.7510 0.7510 4,498 
0.7510 0,7510 4,496 
0,7505 0,7505 4,496 
0.7510 0.7510 4.496 
0.7510 0.7510 4,497 
0.7500 0.7500 4,497 
0.7510 0,7510 4.498 
0.7505 0.7510 4,497 
0,7500 0.7500 4,497 
0,7510 0.7510 4.496 
0,7510 0,7510 4,496 
0.7510 0.7510 4.497 
0,7510 0.7510 4,496 
0.7510 0.7510 4.495 
0.7510 0,7510 4.496 
0,7500 0.7490 4,496 
0,7500 0,7500 4.496 
0.7500 0.7505 4.497 
0.7506 0,7506 4,4965 
We 1 ght 
Grams 
72,4 154 
72 , 2424 
72,1702 
72 , 4029 
72 . 2624 
72,1315 
72.2318 
72 . 2826 
72 , 0477 
72.5165 
72 . 2859 
72,3215 
72 . 3709 
72 . 3483 
72 . 3035 
72.1757 
72, I152 
72 . 0403 
72 2590 
*T,F - Designates top and f r o n t  surfaces o f  slab, 
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Mater ia I : H4LM-090 
Instrumented 3-10-66 
Density 
rams/cm3 
I .74l6 
I ,7392 
1,7388 
I .743l 
I .7383 
I ,7398 
I .7372 
I .7400 
I .7378 
I .7458 
I ,7403 
1.7397 
I .7423 
I .7425 
I ,7407 
1.7434 
I .7397 
I .7363 
I .7403 
Test 
Remarks 
OK 
OK 
Bad poisson 
tens ion 
OK 
Bad polsson 
tens ion 
OK 
OK 
OK 
No i sy po i ssor 
tens ion 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
No i sy po I ssor 
tens ion 
1 
I 
I 
I 
I 
I 
I 
1 
I 
1 
1 
I 
I 
1 
I 
I 
I 
I 
I 
Experiment D-I I O  
Spec i mer 
Number -
A- I 
-3 
-4 
B- I 
-3 
-4 
c- I 
-3 
-4 
E- I 
,-Z 
4 
-4 
F- I 
-3 
-4 
G- I 
-3 
-4 
Mean 
Surf ace 
G S E  
T* F* 
T F  
T F  
T F 
T F 
T F 
F T  
F T  
F T  
F T 
F T 
F T 
T F 
T F 
T F 
F T  
F T  
F T  
FLEXURE SAMPLES 
Dimensions 
h in, t in, R in, 
0,7512 0,7513 4,497*! 
0,7515 0,7512 4,500 
0,7516 0,7512 4,498 
0,7507 0,7503 4,500 
0.7510 0,7507 4,500 
0.7510 0,7509 4,498 
0,7516 0.7516 4,503 
0,7513 0,7511 4,497 
0,7512 0,7510 4,497 
0,7508 0,7505 4,501 
9,7518 0,7521 4,502 
0,7516 0,7519 4,499 
0,7513 0,7510 4.499 
0,7514 0,7513 4,500 
0.7505 0,7506 4,498 
0.7516 0,7509 4,498 
0.7510 0,7505 4,501 
0,7503 0,7508 4,501 
Weight 
Grams 
72 682** 
72 , 477 
72 , 393 
72 , 383 
72 , 480 
72 , 520 
72 , 452 
72 , 422 
72 , 480 
72,642 
72 , 484 
72 , 593 
72 , 628 
72,57 I 
72 , 376 
72 , 890 
72 , 336 
72,446 
72.591 
*T,F - Designates top  and f r o n t  surfaces of s lab, 
**LASL data, 
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Ma te r ia l :  H4LM-180 
instrumented 3-11-66 
Densi ty  
Grams/cm3 
1 ,7471 
1,7451 
I .7392 
1,7425 
I .7430 
I ,7444 
I ,7378 
I ,7412 
I .7429 
1,7474 
i 07422 
I .7415 
I ,7457 
I .7340 
I ,7428 
I ,7519 
I ,7397 
I ,7445 
I .7440 
Test  
Rema r ks 
OK 
Noisy poisson 
tens  ion 
OK 
OK 
OK 
OK 
OK 
Noisy poisson 
tens ion  
Noisy poisson 
tens ion  
Bad poisson 
tens i on  
OK 
OK 
OK 
OK 
OK 
Bro,,e f i r s t  
cyc 1 e 
Fau l t y  sample 
OK 
FLEXURE SAMPLES 
Experiment D-I I O  
ipec I men 
Number 
A- 1 
-3 
-4 
B- I 
-3 
-4 
c- I 
-3 
-4 
E- I 
-3 
-4 
F- I 
-3 
-4 
G- I 
-3 
-4 
Mean 
Surface 
G S E  
T* F* 
T F  
T F  
T F 
T F 
T F 
F T  
F T  
F T  
F T 
F 
F T 
T F 
T F 
T F 
F T  
F T  
F T  
7- 
Dimensions 
h in ,  t in,  11 In ,  
0 , 7502 
0,7505 
0 , 7520 
0,7510 
0 , 7504 
0 , 7508 
0.751 3 
0,75 12 
0,751 1 
0,7515 
0 , 7508 
0 , 7508 
0,7512 
0,7503 
0 . 7505 
0,7517 
0.7510 
0.7513 
4,499 
4 , 500 
4,499 
4,501 
4 , 500 
4 , 499 
4,501 
4 , 500 
4,501 
4 , 502 
4 , 500 
4 , 503 
4,502 
4 , 500 
4 , 500 
4,500 
4 , 499 
4 , 500 
0.7508 0.7509 4,5003 
- 
We 0 ght  
Grams 
73,023** 
72 , 720 
73,151 
72 , 989 
72 , 999 
73,033 
73.331 
73,085 
73,070 
73 , 342 
73,028 
73 . 003 
73,075 
72 , 866 
73,151 
73,307 
72,979 
72 , 996 
73 0367 
*T,F - Designates top and f r o n t  surfaces o f  s lab ,  
**LASL data,  
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Mater ,  a I I H4LM-270 
1 nstrumented 3- I 1-66 
Density 
;rarns/cm3 
I .7602 
1,7516 
I ,7542 
I . E 5 8  
I ,7583 
I .7570 
1,761 I 
I .7563 
I .7549 
1,7617 
i ,7565 
I ,7544 
I . E 5 3  
1,7529 
1,7585 
1,7610 
I ,7554 
I ,754 I 
I ,7566 
Test 
Remarks 
Noisy Poisson 
tens ion 
OK 
OK 
OK 
OK 
Noisy Poisson 
tens ion 
Noisy Poisson 
tension 
OK 
OK 
OK 
OK 
Bad Poisson 
tens I on 
OK 
OK 
No i sy poi sson 
tens ion 
OK 
OK 
OK 
Experiment D-1 10 
Specimen 
Number 
A-2- I 
A-2-2 
8-2- I 
8-2-2 
c-2- I 
C-2-2 
E-2- I 
E-2-2 
F-2- I 
F-2-2 
G-2- I 
G-2-2 
Mean 
Surf ace 
G E  
T** 
T 
T F  
T F  
F 
F 
F T  
F T  
T F  
T F  
F T  
F T  
COMPRESSION SAMPLES 
M a t e r i a l :  H4LM-000 
instrumented 6-6-66 
Di mens ions 
d in. in, 
Weight 
Grams 
I8,87 I * 
18,973 
18,995 
18.946 
18,924 
18.985 
18,935 
18,979 
18,934 
18,974 
18,953 
18,942 
18,959 
Density 
Grams/cm3 
I ,7431" 
I .7409 
1,7446 
I ,7397 
I .7364 
I .74i8 
I ,7430 
1,7443 
1,7392 
I ,7449 
1,7417 
I .7397 
1,7416 
*LASL data. 
**T,F - Designates a r b i t r a r y  top and f r o n t  o f  specimen slab, 
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Test  
Rema r ks 
Tested by LASL 
I1 
I1  
I 1  
11 
11 
OK 
3 cycle.  OK 
OK 
OK 
Bad Poisson 
Noisy Poisson 
! 
1 
I -  
1 
I 
I 
1 
I 
I 
I 
1 
1 
I 
I 
1 
I 
1 
I 
I 
i 
Experiment D- I I O  
Specimen 
Number 
A-2- I 
A-2-2 
8-2- I 
8-2-2 
c-2- I 
C-2-2 
E-2- I 
E-2-2 
F-2- I 
F-2-2 
6-2- I 
6-2-2 
Mean 
Surface 
G E  
T** 
T 
T F  
T F  
F 
F 
F T  
F T  
T F  
T F  
F T  
F T  
COMPRESSION SAMPLES 
Materi  a I : H4LM-090 
Instrumented - LASL 
D i mens ions 
d in ,  II in. 
0.750 I * I ,502* 
0 , 7507 I ,501 
0 , 7498 I ,502 
0 , 7504 1,501 
0 e 7508 I ,501 
0 , 7509 I ,501 
0 e 7505 I ,502 
0 , 7508 I .500 
0 . 7502 I ,502 
0.75iO i ,5Oi 
0 , 7504 1,501 
0 , 7508 1,501 
0 e 7507 I .50l 
We i ght  
Grams 
I 8 859" 
18,978 
18,902 
18,923 
18.890 
18.954 
18,934 
18,947 
18.975 
18,984 
18,953 
18.970 
18,939 
Density 
G rams/cm3 
I .7337 
I ,7426 
1,7389 
I .7392 
I .7343 
I ,7396 
I .7388 
I ,7406 
I .7438 
i ,7419 
I ,7420 
1,7417 
I ,7397 
*LASL data. 
**T,F - Designates a r b i t r a r y  top and f r o n t  of specimen slab. 
WVU EES page A-6 
Test 
Rema r ks 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
Experiment D- I I O  
A-2-2 
B-2- I 
ipecimen Surface 
Number 1 G E 
T 
T F  
A-2- I I T** 
c-2-2 
E-2- I 
F 
F T  
B-2-2 I 
E-2-2 
F-2- I 
C-2-1 I F 
F T  
T F  
F-2-2 
G-2- I 
G-2-2 
T F  
F T  
F T  
Mean I 
*LASL data, 
COMPRESSION SAMPLES 
Di mens ions 
d in, II in, 
1,500* 
I ,500 
I .499 
I ,496 
I ,500 
I ,500 
1,501 
I ,502 
1,501 
1,501 
I .502 
I ,502 
0 , 7505 I ,500 
We i ght 
Grams 
I 8 , 93O* 
19,008 
19,015 
18,936 
18,949 
18,998 
18,977 
19,012 
19,027 
18,986 
18,988 
18,947 
18,981 
M a t e r i a l :  H4LM-180 
Instrumented 6-6-66 
Dens i t y  
Grams/cm3 
~ 
I ,7419 
I ,7478 
I ,7479 
I ,7404 
I ,7453 
I ,7449 
I ,7475 
I .7428 
1.7496 
1,7427 
1,7481 
1,7383 
1.7455 
**T,F - Designates a r b i t r a r y  t op  and f r o n t  of specimen slab, 
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Test 
Rema r ks 
3 cycle,  OK 
OK 
3 cycle,  Ad- 
justed Poisson 
OK 
Noisy Poisson 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
Adjusted 
poi sson 
I 
1 -  
I 
I 
I 
I 
I 
1 
1 
I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
Experiment D-l I O  
Spec i mer 
Number 
A-2- I 
A-2-2 
8-2- I 
8-2-2 
c-2- I 
c-2-2 
E-2- I 
E-2-2 
F-2- I 
F-2-2 
G-2- I 
G-2-2 
Mean 
4 
Surface 
G E  
T"" 
T 
T F  
T F  
F 
F 
F T  
F T  
T F  
i F  
F T  
F T  
COMPRESSION SAMPLES 
Dimensions 
d in, R in. 
Weight 
Grams 
19,065" 
19, I47 
19,223 
19,142 
19, I I8 
19, I95 
19, I23 
19, I87 
19.161 
i9, i i o  
19.109 
19. I74 
19, I46 
Materia I : H4LM-270 
Instrumented 6-7-66 
Density 
Grams/cm3 
1,7562 
1,7621 
1,7682 
I ,7577 
I .7592 
1.7638 
I . E 8 8  
I .7639 
I .7640 
i ,7566 
1.7577 
I .7625 
I ,7608 
*LASL data, 
**T,F - Designates a r b i t r a r y  top and f ront  of specimen slab. 
WVU EES page A-8 
Test 
Rema r ks 
.OK 
OK 
Adjusted 
noisy Poisson 
Noisy Poisson 
OK 
OK 
Noisy Poisson 
OK 
OK 
OK 
Adgusted 
noisy Poisson 
Bad 1st cycle 
poi sson 
OK 
Damaged 
Poisson gage 
I 
I 
I 
I 
I 
I 
I 
NO. 
2nd Cycle 
Modu I us 
x 106 mi 
A- 1 
A - 3  
A-4 
I o  I528 
I o  I651 
1,2264 
TABU LATED RESULTS 
F I exu re Tens ion Experiment 0-110 Mater i a I : H4 LM-000 
I Ultimate 
S t r a i n  
Poi sson 
u i n / i n  
80% S t r a i n  
Damage 
Axial  
u i n / i n  
30% S t r a i n  
Damage 
Po I sson 
1.1 i n / i n  
-50 
-32 5 
-40 
J I t imatc 
S t r a i n  
Axial  
p i n / i n  
2635 
2735 
2650 
3675 
2675 
2620 
U I t i mate 
Stress 
p s i  
Poi sson 
Rat io  
0, IO32 
0,121 I 
0. I548 
400 
350 
395 
575 
390 
I60 
2292 
2476 
2490 
2452 
2198 
2146 
234 I 
I35 
225 
285 
215 
I90 
I60 
I90 
0.  I263 
0 , 0982 
0, IO26 
0.09 I3 
0,0973 
0, I318 
0. I141 
0.1921 
0. I145 
0, ! 245 
0, I354 
-4 1 
-30 
-30 
-20 
c- I 
c-3 
c-4 I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Mean -
E- I 
E-3 
E-4 
G- I 
G-3 
G-4  
Mean -
B-I 
B- 3 
8-4 
F- 1 
F-3 
F-4 
I80 
I62 
I60 
225 
175 
223 
I05 
- -40 283 I 
2000 
2475 
I945 
2480 
2360 
2280 
2257 
3160 
3010 
3410 
3700 
3080 
3310 
-
L--- 
378 
27 5 
325 
260 
400 
300 
330 
w 
2103 
2367 
2377 
2500 
2603 
2429 
-35 
-45 
-32 
-35 
-40 
-88 
0. I354 2386 I75 
220 
I75 
21 8 
20 3 
234 
I68 
P 
315 
475 
360 
530 
6 30 
430 
490 
-46 
-45 
-57 
-105 
-120 
-55 
-72 
I 1792 
I .03l I 
I e I226 
1.1113 
I .03l I 
I .0623 
2858 
2500 
2896 
2783 
2584 
27 16 
0. I204 
0. I006 
0. I375 
0. I250 
0.  I257 
0.  IO84 
0, I196 Mean - I .0896 2723 3278 20 3 478 -76 
I 
I 
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. 
U l t i m a t e  
S t r a i n  
Poisson 
u in/in 
I 
I .  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
80% S t r a i n  
Damage 
Axia l  
u i n / i n  
TABULATED RESULTS 
F I exu re Compress I on Experiment D-I I O  Mater i a I : H4LM-000 
272 
370 
337 
260 
275 
325 
Po 'I sson 
Rat i o 
c- I 
c-3 
c-4 
0,1291 
0.1114 
O a  I179 
0. I IO7 
I .  I679 
I a I679 
1,0915 
0, I274 
0. I074 
0 . 9060 
0. I312 
0. I I87 
0. I294 
0.1 149 
245 
252 
U 1 ti matc 
Stress 
DS i 
275 
I60 
2276 
247 I 
2490 
2452 
2193 
2146 
2338 
2122 
2396 
2492 
2377 
2603 
2510 
2417 
2858 
2509 
2877 
2783 
2523 
2716 
271 I 
Ult imate 
S t r a i n  
Axi a 1 
u I n / l n  
2525 
2710 
2630 
2625 
2325 
2440 
2547 
2175 
2090 
2127 
2180 
2440 
2480 
2248 
2800 
2500 
3360 
2870 
2760 
2930 
2870 
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-1 300 
281 I 269 
330 I 320 
275 270 
287 380 
352 350 
330 320 
385 I 360 
326 I 333 
30% S t r a i n  
Damage 
Poi sson 
p i n / i n  
30 
45 
45 
_40 
32.5 
20 
20 
25 
37 
48 
26 
40 
41 
38 
45 
27 
35 
35 
55 
50 
41 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
No. 
A- I 
A-3 
TABULATED RESULTS 
Flexure Tension 
2nd Cycle 
Modu I us 
x IO6 p s i  
1,2830 
I ,2453 
Experiment 0-110 Mate r ia l :  H4LM-090 
U I t i mate 
S t r a i n  
Poi  sson 
p i n / i n  -
290 
I88 
230 
80% S t r a i n  
Damage 
Axia I 
p i n / i n  
435 
375 
475 
435 
350 
360 
BO% S t r a i n  
Damage 
Poi sson 
p i n / i n  
-30 
-65 
-35 
U I t imate 
S t r a i n  
Ax ia l  
p i d i n  
3180 
2935 
2920 
2795 
2520 
3025 
Ul t imat t  
Stress 
p s  i -
2952 
2877 
27 12 
2382 
2584 
2603 
Poi sson 
Ra t io  
0 ,  I440 
0, I242 
0, I314 
0, I332 
0,0856 
0, IO83 
0 , 0795 
236 
135 
I68 
I38 
- -4 3 
-27 
-30 
-12 
I , I576 
1,2972 
I , IO38 
c- 1 
c-3 
c-4 
Mean 
E- I 
E-3 
E-4 
G- I 
G-3 
G-4 
- 0,091 I 
0 , 0900 
0,1305 
0, I230 
0, I109 
0, i03:  
0. IO75 
- 2685 2895 I47 1,2270 
1,2434 
1,4509 
I ,3924 
I ,2208 
I ,2972 
1,3755 
405 
240 
245 
210 
I30 
i 75 
I60 
I93 
480 
370 
430 
520 
450 
400 
-23 
-16 
-20 
-5 
-20 
-30 
-20 
-18 
-87 
-22 
-36 
-25 
-43 
-20 
-39 
3p 
1981 
2084 
2000 
I745 
839 
1981 
I30 
I55 
161 
I22 
95 
I40 
2025 
I830 
I760 
I070 
: 730 
I725 
I790 
3120 
2730 
2830 
3200 
2680 
3090 
Mean -
B- I 
B- 3 
8-4 
F- I 
F-3 
F-4 
Mean -
I ,3225 
I, I566 
I, 1019 
1 I557 
I .0717 
I .0755 
I ,0104 
0. I IO8 
0. I045 
0,1201 
0, I I27 
0,I 136 
0 , 0969 
0, IO38 
I938 
2759 
2476 
2509 
2575 
2339 
2556 
I34 
I07 
233 
I85 
227 
I70 
215 
I ,0953 0, IO85 294 I 190 442 2536 
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I 
1 -  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
P 
Ul t imate  
S t  ra  i n  
Poisson 
p i n / i n  
377 
372 
418 
389 
226 
25 I 
270 
259 
TABU LATED RESULTS 
F I exu r e  Comp ress i on Experiment D-I10 Mater i a I : H4 LM-090 
80% Strair  
Damage 
Axia l  
p in / in  
390 
350 
345 
310 
300 
300 
332 
I I 
No, 
2nd Cycle 
x I O 6  p s i  Rat io  
Modu I us Poi Sson 
A- I 
A-3 
A-4 
-3 
F- 4 
I ,  I528 0. I I87 
1,2028 0 ,  I299 
1,2972 0,1625 
Mean 
c- I I 3358 
c-3 I , 2406 
c-4 1,3085 
Mean I 1,0770 I 0,1077 
0, I370 
0 , 0945 
0 , 0838 
0, I109 
U I t i mate 
Stress 
ps i 
200 
24 1 
I52 
I85 
150 
2943 
2858 
2707 
2367 
2566 
2603 
325 
250 
225 
I40 
! 00 
2674 
1981 
21 13 
2028 
I858 
I849 
I990 
1,4052 
1,0377 
1,0858 
1,1198 
I o  IO47 
I ,0745 
I ,0396 
I970 
2707 
2452 
2500 
2594 
2339 
2537 
0 ,  I 168 
0. I I33 
0, I I37 
0,1187 
0. I I34 
0,1025 
0,0847 
2522 
I86 
350 
312 
355 
333 
270 
282 
J 1 ti mate 
S t r a i n  
Ax ia l  
u i n / i n  
I98 
360 
320 
280 
280 
360 
320 
3475 
2900 
2690 
2420 
2525 
2520 
2805 
1770 
1825 
I925 
I650 
1395 
I660 
- 
1704 
3250 
2730 
2740 
2800 
2640 
3010 
286 I 317 I 320 
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80% S t r a i n  
Damage 
Po 1 sson 
p i n / i n  
65 
52 
32 
50 
28 
45 
32 
35 
18 
30 
18 
15 
0 
15 
16 
35 
50 
42 
58 
42 
45 
45 
I 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
'1 I 
F 
Ult imate 
Stress 
p s i  
2452 
2660 
2995 
2877 
3000 
3084 
Experiment D-I I O  
U l t i m a t e  
S t r a i n  
Axial  
1.1 i n / % n  
2586 
2480 
3675 
2695 
3290 
3250 
NO, 
A- I 
A-3 
A-4 
Mean 
2nd Cycle 
Modu I us 
x 106 psi  
I o  I981 
I ,3274 
1,1123 
c- I 
c-3 
c-4 
Mean -
E- I 
E-3 
E-4 
G- I 
G-3 
G-4 
Mean -
B- 1 
B- 3 
8-4 
F- I 
F-3 
F-4 
I962 
1981 
I566 
Mean -
I940 
2320 
I520 
1,229 I 
0,9481 
I ,2481 
I ,2264 
I o  1349 
I ,399 I 
248 I 
2669 
231 I 
2476 
2510 
I ,  1913 
I ,0877 
I o  I962 
1,2377 
I ,2113 
I ,2972 
I,0802 
2610 
2680 
2420 
2270 
2920 
I I850 
Poisson 
R a t i o  
0,1512 
0, I608 
0, I665 
0,1222 
0,l I28 
0, I I30 
0,116O 
0, IO05 
001125 
0,1516 
0 , 0760 
0, I571 
o , I l95  
0 ,  I I66 
0, I199 
0,1584 
0, I588 
0, IS98 
0,1292 
2537 3000 
2497 I 2650 
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U I t i mate 
S t r a i n  
Po I sson 
1.1 i n / i n  
310 
269 
430 
336 
225 
224 
I76 
208 
I05 
I54 
I85 
75 
238 
151 
200 
I62 
315 
260 
295 
248 
247 
M a t e r i a l  o H4LM-180 
80% S t r a i n  
Damage 
Axial  
v. i d i n  
300 
295 
585 
310 
335 
500 
388 
I60 
200 
260 
320 
235 
380 
320 
350 
350 
280 
360 
340 
I 
1 .  
I 
I 
I 
I 
1 
1 
I 
I 
‘ B  
11 
I 
1 
I 
i 
I 
I 
Mean 
E- I 
E- 3 
E-4 
G- I 
TABULATED RESULTS 
F I exu r e  Compress I on Experiment D-110 
1,2523 0,1146 
0,9906 0,1200 
I .2472 0.1013 
I .2264 0.1375 
1,0802 0,1167 
Mean 
B- I 
E 3  
8-4 
F- I 
F-3 
F-4 
:l: I 1,4868 1 0,1752 
1,2062 0,1301 
1,6151 0,1944 
I o  1585 0.1335 
I.0906 0 ,  I252 
I o  1491 0. I265 
I o  1792 0.I5OO 
102066 0,1571 
I I 
0, I477 
U I t i mate 
Stress 
DS 
2433 
2632 
2948 
2858 
2995 
3080 
- 
2824 
I320 
1981 
I952 
I650 
Fau I t y  
2473 
I875 
2518 
248 I 
2660 
231 I 
2476 
2566 
2502 
J I t 1 mate 
S t r a i n  
Axial  
J i n / i n  
2495 
2590 
3050 
2990 
2880 
2815 
2803 
I520 
1910 
2240 
I520 
Samp I e 
I635 
I765 
2610 
2540 
2840 
2380 
2570 
2520 
257 I 
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Ul t imate 
S t r a i n  
Poi sson 
p i d i n  
364 
418 
515 
432 
353 
332 
34 I 
342 
I75 
I98 
306 
I77 
270 
225 
368 
358 
36 I 
293 
387 
398 
36 I 
Mater ia l :  H4LM-180 
60% Strair  
Damage 
Axial 
p i n / i n  
310 
310 
360 
325 
330 
350 
33 I 
I20 
300 
210 
270 
225 
250 
260 
280 
270 
280 
240 
263 
30% St ra i i  
Damage 
Poi sson 
1.1 i d i n  
55 
55 
62 
57 
50 
60 
52 
54 
10 
26 
57 
18 
28 
45 
60 
45 
35 
60 
55 
50 
1 
I *  
I 
I 
I 
i 
I 
I 
I 
1 
I 
I 
I 
I 
1 
I 
1 
I 
i 
Experiment D-110 
'-----I---- 
TABULATED RESULTS 
Flexure Tension M a t e r i a l :  H4LM-270 
Ul t imate  
S t r a i n  
Poi sson 
u i n / i n  
10% S t r a i n  
Damage 
Axial  
u i n / i n  
30% S t r a i n  
Damage 
Poi sson 
u i n / i n  
LJ I t i ma t E  
S t r a i n  
Axial  
2nd Cycle 
Modu I us 
x I06 p s i  
I ,2698 
U I t i matf 
Stress 
ps i 
280 I 
2867 
3009 
2858 
2688 
2933 
2860 
1839 
2066 
231 I 
I367 
! 792 
2198 
Poisson 
R a t i o  No - 
A- I 0,1252 
0,1202 
0, IO63 
226 
207 
I92 
360 
325 
475 
660 
275 
600 
-44 
-45 
-45 
2875 
2885 
3335 
4200 
2570 
3775 
3273 
I800 
2475 
2585 
I535 
! 940 
2200 
2089 - 4 
2650 
3150 
2840 
2880 
2800 
2800 
A-3 I ,2472 
A-4 I ,2028 
Mean 0" I171 208 
0 
I58 
93 
I26 
I 5 5  
90 
I50 
I85 
! !O 
I05 
I32 
I78 
I I O  
222 
I32 
I75 
I63 
-45 
-105 
-65 
-82 
c- I 
c-3 
c-4 
Mean -
E- I 
E-3 
E-4 
G- I 
(3-3 
G- 4 
I , 1858 
I ,2670 
I , I453 
1,2196 
1,2226 
I , 1038 
I ,2000 
1,0915 
1,0453 
I ,2972 
0 , 0727 
0,1021 
0.0842 
0 , 0863 
0. I I40 
0 0873 
0, IO18 
0, I I80 
0 0867 
0 0975 
449 
I60 
305 
405 
75 
200 
290 
-84 
-12 
-24 
-22 
-10 
-2 ! 
-37 
Mean -
B-I 
B-3 
B- 4 
F- I 
F-3 
F-4 
Mean -
0, IO08 
0, I151 
0 , 0823 
0, I102 
0.0850 
0,099 I 
0,1022 
- I930 
2566 
3056 
2783 
2858 
2754 
2669 
240 
290 
430 
310 
420 
325 
360 
-2 I 
-40 
-65 
-24 
-30 
-34 
-52 
278 I 2853 I63 356 -4 1 
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I 
I -  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Po 1 sson 
Rat io  
0,1419 
0, I306 
0, IO42 
0, I255 
0,1295 
0, I026 
0, I145 
TABULATED RESU LTS 
Experiment D-110 F I exure Comp ress ion Mater ia l  : H4LM-270 
U I t i mate 
Stress 
p s i  
2806 
2858 
2995 
2867 
264 I 
2933 
c- 1 
c-3 
c-4 
I ,4604 
1,2679 
1,2830 
E-4 
G- I 
E- I 
E-3 
I o  1792 
1 , I264 
6- 1 
6- 3 
0.1000 
O.lO36 
0 , 0863 
0,1118 
0, I240 
E 4  
F- 1 
F-3 
I863 
2066 
2339 
1367 
I886 
Mean1 1,2119 
220 
I 90 
250 
275 
6-3 
G-4 
I .36Y 
1,3208 
0.1 178 I 2755 
0, IO44 
0, I135 
0,1084 
0, I287 
Ul t imate 
Stra'a n 
Ax ia l  
p i n / i n  
2550 
2790 
3060 
-
2870 
2490 
3350 
2783 
2849 
2735 
2665 
285 I 
I840 
2295 
2475 
I900 
I670 
I995 
2029 
2450 
2950 
3300 
3120 
2530 
2490 
- 
2806 - 
I85 
217 
75 
16 
390 
340 
345 
288 
315 
320 
385 
280 
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10% S t r a i n  
Damage 
Poi sson 
p i d i n  
54 
63 
59 
- 59 - 
I O  
40 
70 
40 
17 
20 
15 
0 
33 
22 
18 
45 
69 
57 
50 
45 
37 
51 
I 
1 -  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
Exper,ment D-110 
No , - 
E-2- I 
E-2-2 
G-2- I 
G-2-2 
Mean - 
F-2- I 
F-2-2 
Mean - 
!nd Cycle 
TABULATED RESULTS 
In i a x i  a I Compress ion Ma te r ia l :  H4LM-000 
U l t ima te  Ult imatc 
U l t ima te  S t r a i n  S t r a i n  
Stress Axia l  Poi  SSOl 
p s i  p i n / i n  u i n / l r  
5912 20975 2640 
5630 22250 3360 
56 75 I8562 I 20250 1 
20509 ~~II~ 
6806 23850 5520 
6840 I 19350 I 3460 
6823 I 21600 I 4490 
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3800 
3300 600 
6300 I155 
5800 1015 
6050 1 1085 I 
I 
1 .  
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
Li 
Experiment D- 
2nd Cycle 
Modu I us 
TABULATED RESULTS 
0 Un iax ia l  Compression Mater ia l  : H4LM-090 
I I 
U l t i m a t e  
U l t ima te  S t r a i n  
Ra t io  ps i  v i n / i n  
Poisson Stress Axi a I 
0, I443 6303 20125 
A-2-2 0,8254 0,1558 6314 22475 
C-2-1 0,8905 0,1524 6099 17125 
C-2-2 0,9655 0,1619 6043 16500 
I I I I 
Mean I 0,8904 10,1536 I 6189 I 19056 
1 I __ 1 
E-2-1 0,9542 0,1571 489 I 18000 
E-2-2 0,8994 0,1423 4800 13550 
G-2-1 !,0391 0,1380 463 I 14975 
0,1356 I 5083 I 12280 
t 
0,1432 485 I I470 I 
0,1445 I 5354 I 15375 
I I I 
8-2-2 0,7482 0 ,  I366 5726 19250 
F-2-1 0,6698 0,1290 5580 19900 
F-2-2 0,7530 * 0, I287 16075 0. I347 17650 3520 4860 1050 2920 5080 1020 2420 4820 935 2865 4740 957 
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1 
1 
1 
I 
1 
1 
1 
1 
I 
I 
I 
I 
I 
1 
1 
1 
TABULATED RESULTS 
Exper f ment D- I I O  Un 0 ax i a I Compress ion  Ma te r ia l :  H4LM-180 
I
2nd Cycl 
Modu 1 us 
No. x lo6 DS 
A-2- I 
A-2-2 
c-2- I 
c-2-2 
Mean - 
E-2- I 
E-2-2 
G-2- I 
G-2-2 
1,0136 
0,984 I 
0 , 8398 
1 ,OI  I O  
0,962 I 
0,9650 
0,8318 
0 , 9625 
0 , 9605 
L 
t 8-2-1 1,0388 
U I t I mat 
Ra t io  u i d i n  
0,1614 644 I I8500 
0, I299 6780 20125 
0. I294 6486 21825 
0 ,  I307 679 I I8700 
0. I378 6624 19787 
001490 566 I 17100 
E 
0. I273 5447 18675 
0. I419 5808 19250 
0 . 0996 5062 14750 
0,1294 5494 17443 - 
0,1246 I 6294 1 17250 
0,1223 5989 19750 
0. I305 6328 20125 
0, I363 5932 I6600 
I 
0,1284 I 6135 I 18431 
1 U l t imate  
S t r a  i n  
~ Poisson 
IJ i n / i n  
3380 
2660 
2965 
2740 
2868 
2815 
2920 
2770 
2440 
2736 
2600 
2880 
3320 
2680 
2870 
,808 S t r a i n  80% S t r a i n  
Damage Damage 
Ax ia l  Poi  sson 
u i n / i n  u i n / i n  , 4800 860 
I 5490 I035 
5500 820 
' 4590 920 
I 
4810 910 
4760 795 
4080 840 
4550 I 871 
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TABU LATED RESULTS 
Exper, ment D- I I O  Un iax ia l  Compression , - g ~ t e r  i a I : H4LM-27 '
A-2-1 0,9004 0,1332 
A-2-2 0,9887 0 ,  I385 
C-2-1 0,8982 0.1175 
C-2-2 0,9981 0,1261 
Mean 0,9463 0, I287 
E-2-1 0,9259 0,1251 
E-2-2 0.8071 0,0952 
G-2-1 0,8710 0,0895 
G-2-2 0,7472 0,1058 
8-2-1 0,9534 0,1377 
B-2-2 0,8089 0,1333 
F-2-1 0.9351 0,1222 
F-2-2 0.8731 0.1011 
Mean 0,8926 0. I235 
~ 
6647 I 21531 I 3270 r 5347 
I I I 
5368 I7000 2420 4700 
5616 23750 3720 6330 
5198 I4275 I500 3070 
5379 23250 5000  I9568 
5876 20625 2920 4820 
5616 I5000 2800 3640 
5786 I7750 4420 
5907 I7575 3040 4427 
I6925 
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80% S t r a i n  
Damage 
Poi  sson 
i n / i n  
055 
I135 
890 
920 
9 50 
I230 
I055 
412 
899 
960 
942 
505 
- 
802 
I 
I -  
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
APPENDIX B 
Experiment D-I I I 
1 
1 
1 
I 
I 
1 
1 
I 
1 
I 
1 
I 
I 
1 
1 
1 
1 
I 
I m 
Experiment D-l  I I 
Spec i mer 
Number 
I -A- I 
-3 
-4 
I -B- I 
-3 
-4 
I -c- E 
-3 
-4 
I -E- J 
-3 
-4 
I -F- I 
-3 
-4 
I -G- Y 
-3 
-4 
Mean 
Surface 
G S E  
T* F* 
T F  
T F  
T F 
T F 
T F 
F T  
F T  
F T  
F T 
F T 
F T 
T F 
T F 
T F 
F T  
F T  
F T  
FLEXURE SAMPLES 
Dimensions 
h In, t in, il in ,  
0 , 4500 
0 , 7500 
0 , 4500 
0 4500 
0 , 7500 
0 , 7500 
0 , 7500 
0 , 7505 
0 , 4500 
0 , 7500 
0 , 7500 
0 , 7505 
0 , 7490 
0 , 7495 
0 , 7500 
0 7495 
0 , 7500 
0 , 7500 
4 , 498 
4 , 499 
4 0 499 
4 , 498 
4 0 499 
4 , 498 
4 498 
4,498 
4 0 499 
4 500 
4 498 
4,498 
4 498 
4,499 
4,499 
4,498 
4 0 499 
4 , 498 
0,7500 0,7499 4,499 
We i ght  
Grams 
72,6 I30 
72 , 0232 
72 I052 
73 , 5609 
71,7939 
71 2 7 5 2  
71,6284 
7 I .5237 
71,4031 
42 , 3786 
7 I ,2382 
70,9618 
73,i792 
70 , 9265 
70 , 6640 
72 , 4052 
79 , 1364 
70,7210 
71,7349 
*T,F - Designates top  and f r o n t  surfaces o f  slab, 
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Ma te r ia l :  ATJ-I 
instrumented 3-9-66 
Dens i t y  
Grams/cm4 
I J5IO 
I ,7364 
D 07383 
I ,7739 
I ,7289 
I O 7 I 8 7  
I ,9273 
1,7225 
D ,7202 
I"7459 
1,7179 
I .705'7 
1,7691 
I ,7130 
I ,7099 
I ,7472 
I ,7150 
i ,7054 
1,7299 
Test 
Rema r ks 
Quest ionable 
po I sson 
OK 
OK 
Quest ionable 
poisson ten, 
OK 
Quest ionable 
poisson ten, 
OK 
OK 
Poor poisson 
OK 
F i  r s t  f e s t  
OK 
OK 
OK 
Broke on 
f i r s t  c y c l e  
Load c e l  l 
t roub  De 
OK 
OK 
I 
FLEXURE SAMPLES I -  
Experiment D-I I I 
ipec i mer 
Number 
2-A- I 
-3 
-4 
2-B- I 
-3 
-4 
2-c- I 
-3 
-4 
2-E- I 
-3 
-4 
2-F- I 
-3 
-4 
2-6- 1 
-3 
-4 
Mean 
Surf  ace 
G S E  
T* F* 
T F  
T F  
T F 
T F 
T F 
F T  
F T  
F T  
F T 
F T 
F T 
T F 
T F 
T F 
F T  
F T  
F T  
Dimensions 
h in ,  t In, JI i n o  
0,7500 0,7500 4,498 
0,7500 0,7500 4,499 
0.7500 0,7500 4,498 
0.7500 0,7500 4,497 
0,7505 0,7505 4,498 
0,7500 0,7500 4,500 
0,7505 0,7510 4,497 
0,7495 0.7500 4,498 
0,7500 0,7500 4,496 
0,7500 0,7500 4,498 
0,7500 0,7505 4,498 
0,7500 0,7500 4,497 
0,7505 0,7505 4.499 
0,7505 0.7500 4,497 
0.7500 0,7500 4,498 
007500 0,7500 4,498 
0,7500 0,7500 4,497 
0.7500 0,7500 4.498 
~ -~ 
0.7501 0,7501 4.498 
We I ght 
Grams 
73,7 100 
73,4 130 
72 , 9866 
71,2583 
71,2524 
- 
71,3131 
72,1041 
70,4715 
70 , 3025 
70,6199 
70 , 3944 
70 , 2506 
70 , 5763 
70. I630 
70 0722 
70 . 5065 
69,92 I 7  
69.7 I54 
71,0543 
Mater ia l  : ATJ-2 
Instrumented 3-9-66 
Dens i t y  
; rams/cm 3 
1,7775 
1 ,7699 
I ,7600 
1,7187 
1,7160 
I ,7189 
I .7357 
,7000 
I .6960 
I ,7029 
I ,6963 
I ,6944 
I ,6994 
I 0 6 9 I 0  
I ,6897 
I,7002 
1,6864 
I ,681 I 
1,7130 
Test 
Remarks 
OK 
OK 
OK 
Load Noise 
OK 
OK 
OK 
OK, Ran o f f  
Poisson scale 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
*T,F - Designates top and f ront  surfaces of s lab ,  
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1 
I -  
I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
1 
I rn 
Exper I ment D- I I I 
;pec i mer 
Number -
3-A- I 
-3 
-4 
3-B- I 
-3 
-4 
3-c- I 
-3 
-4 
3-E- I 
-3 
-4 
3-F- I 
-3 
-4 
3-6- I 
-3 
-4 
Mean 
Surf ace 
G S E  
T* F* 
T F  
T F  
T F 
T F 
T F 
F T  
F T  
F T  
F T 
F T 
F T 
T F 
T F 
T F 
F T  
F T  
F T  
FLEXURE SAMPLES 
Dimensions 
h In,  t i n ,  II in, 
0.7500 0.7506 4.497 
Weight 
Grams 
72,9109 
73, 3063 
73 , 7467 
74.2753 
74.1127 
74 . 0 I77 
73 5244 
73.2821 
73,3372 
71 .9247 
72 , 2499 
73 . 0652 
72 . 6925 
72 , 4992 
72.2641 
7 I ,2723 
72 . 4576 
73.3 19 I 
73.0 I43 
- 
*T,F - Designates top and f ront  surfaces of slab. 
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l a te r ia  I : ATJ-3 
Instrumented 3-2-66 
Density 
Grams/cm: 
I .7531 
1,7626 
1.7785 
1.7892 
I ,7829 
I ,7840 
1.7730 
I .764 I 
I .7654 
I ,7326 
I ,7465 
I ,7624 
1,7513 
I .7474 
I ,7417 
1.7282 
1,7442 
I . 76Y  
I .7594 
Test 
Remarks 
OK 
OK 
Poor poi sson 
OK 
OK- 
OK 
OK 
OK 
3 cycle  
OK 
OK 
OK 
Load f luc- 
tuat ion,  OK 
Load f luc- 
tuat ion.  OK 
3 cycle,  OK 
Stra in  
hardened 
OK 
OK with  jump 
I 
i -  
I 
I 
I 
I 
I 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
I 
I rn 
Experiment D- l  I 1  
ipec i mer 
Number -
4-A- I 
-3 
-4 
4-8- 1 
-3 
-4 
4-c- I 
-3 
-4 
4-E- I 
-3 
-4 
4-F- I 
-3 
-4 
4-G- I 
-3 
-4 
Surf ace 
G S E  
T* F* 
T F  
T F  
T F 
T F 
T F 
F T  
F T  
F T  
F T 
F T 
F T 
T F 
T F 
T F 
F T  
F T  
F T  
FLEXURE SAMPLES 
- ~- ~ 
Dimensions 
h In ,  t i n ,  II I n o  
0.7510 0,7510 4,494 
0.7510 0.7520 4,494 
007500 0,7510 4,494 
0.7510 0,7500 4,494 
0.7510 0,7510 4,495 
0,7510 0.7510 4.495 
0.7505 0.7500 4.495 
0,7505 0.7500 4,495 
0,7525 0,7520 4,495 
0,7515 0.7510 4,494 
0,7510 0,7510 4.494 
0.7510 0.7510 4,495 
0,7520 0,7515 4,494 
0,7510 0.7505 4.494 
0.7500 0.7505 4.495 
0.7510 0.7510 4,495 
0,7510 0.7510 4.494 
0,7510 0.7510 4.493 
0.7510 0.7509 4.494 
We i ght 
Grams - 
72.4 158 
72 , 6682 
72,6705 
73.7489 
72,1825 
7 I .9874 
72,1509 
72 . 2854 
72 , 8045 
71.4718 
7 I . 7003 
71.7581 
7 I .9200 
7 I .6735 
71.3041 
7 I .6264 
71.8217 
7 I .9070 
72, I I80 
*T,F - Deslgnates top and f ront  surfaces of slab, 
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Materia I : ATJ-4 
Instrumented 3-8-66 
Test 
Rema r ks 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
Swltch load 
sca I es 
Poor Poisson 
Bad Poisson 
tension gage 
OK 
OK 
OK 
3 cycle,  OK 
3 cycle 
OK 
OK 
OK 
I 
I .  
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
COMPRESS I ON SAMPLES 
Experiment D-l  I I 
Spec I men 
Number 
A-2- I 
A-2-2 
8-2- 1 
8-2-2 
c-2- I 
c-2-2 
E-2- I 
E-2-2 
F-2- I 
F-2-2 
G-2- I 
G-2-2 
Mean 
Surface 
G E  
T* 
T 
T F  
T F  
F 
F 
F T  
F T  
T F  
t r  
F T  
F T  
- r # -  
Dimensions 
d in.  2. in ,  
I ,5005 
I ,5006 
I.5004 
I,5003 
I ,5002 
I .5004 
I .5010 
105010 
1.5010 
1.5004 
I .5008 
I .5005 
0.7509 I .5005 
We i ght 
Grams 
~- ~ ~~ 
I 9 3296 
18,8573 
I9,05 I 4  
19,0282 
19.0490 
18,7367 
I 8 6069 
I 8 ., 5439 
18.5534 
i 8.4467 
18,4736 
18.42 I 3  
18.7581 
Materia I t ATJ- I 
Instrumented 6-2-66 
~ ~ _ _  
Density 
Grams/cm3 
I .7220 
*T,F - Designates a r b i t r a r y  top and f r o n t  o f  specimen slab. 
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Test 
Remarks 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
1 
COMPRESSION SAMPLES 
Experiment D- I I I 
jpec i men 
Number 
A-2- I 
A-2-2 
8-2- 1 
8-2-2 
c-2- 1 
(2-2-2 
E-2- I 
E-2-2 
F-2- I 
F-2-2 
6-2- I 
6-2-2 
Mean 
Surf ace 
G E  
T* 
T 
T F  
T F  
F 
F 
F T  
F T  
T F  
T F  
F T  
F T  
D i mens ions 
d in, !2 in ,  
I,5000 
I,5000 
I ,5002 
I ,5002 
I .5000 
I ,5000 
I ,5002 
I,5002 
1.5005 
I ,500C 
I .5000 
I ,5000 
0.7503 I .500l 
Weight 
Grams 
19, I595 
19,2703 
18,877 I 
18,6393 
I 8 , 5804 
18,6327 
19.0614 
18,62 I 4  
18,9332 
18,6652 
19,0854 
18,6537 
18,8447 
Materia I : ATJ-2 
Instrumented 6-2-66 
Test 
Rema r ks 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
*T,F - Designates a r b i t r a r y  top and f r o n t  of specimen slab. 
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I .  
1 .  
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
H 
COMPRESS I ON SAMPLES 
Experiment D- I I I 
Specimen 
Number 
A-2- I 
A-2-2 
B-2- I 
8-2-2 
c-2- I 
c-2-2 
E-2- I 
E-2-2 
F-2- I 
F-2-2 
G-2- I 
G-2-2 
Mean 
Surface 
G E  
T* 
T 
T F  
T F  
F 
F 
F T  
F T  
T F  
T F  
F T  
F T  
Dimensions 
d in.  E in .  
I ,5004 
I,5000 
I ,5003 
I,5000 
1,5004 
I ,4998 
I,5000 
I ,5000 
1.5003 
i ,4998 
I ,4998 
I ,5000 
0,7505 I ,5000 
Weight 
Grams 
I 9 , 3025 
19.0274 
I 9 ., 3483 
1 9 4863 
19,3453 
19,1874 
I 8 , 9407 
I 8 8026 
18,9093 
i9,1002 
18,9477 
18,8603 
19, I I15  
Materia 1 : ATJ -3 
Instrumented 6-3-66 
Density 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
I OK ’ OK 
OK 
OK 
1,7510 I OK 
*T,F - Designates a r b i t r a r y  top and f r o n t  o f  specimen slab, 
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I 
1 '  
I 
I 
I 
I 
I 
1 
I 
1 
I 
1 
1 
I 
i 
1 
I 
I 
I a 
Experiment D- I I I 
Spec I men 
Number 
A-2- I 
A-2-2 
B-2- I 
8-2-2 
c-2- 1 
c-2-2 
E-2- I 
E-2-2 
F-2- I 
F-2-2 
G-2- I 
6-2-2 
Mean 
Surf ace 
G E  
T" 
T 
T F  
T F  
F 
F 
F T  
F T  
T F  
T F  
F T  
F T  
COMPRESSION SAMPLES 
D i mens i ons 
d in,  II in ,  
I,5003 
1,4997 
1,5013 
I ,5000 
I .4997 
I ,5000 
I ,4985 
I ,4975 
I ,4982 
I ,4974 
I .4978 
1,4994 
__ 
0.7507 I .499l 
Weight 
Grams 
19,2478 
18.862 I 
19,0088 
19,0690 
18,8762 
19, I270 
18,7299 
18.7188 
18.7795 
I 8 , 8327 
18,6059 
I 8 , 7975 
I 8 9062 
Mater ia l  : ATJ-4 
I nst  rumented 6-3-66 
Density 
Grams/cm3 
I .770l 
I .7324 
1.7521 
I .7522 
1.7337 
1,7609 
1.7257 
I .7198 
I .7264 
1,731 1 
I ,7292 
I .7238 
*T,F - Designates a r b i t r a r y  top and f r o n t  of specimen slab. 
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Test  
Rema r ks 
OK 
OK 
OK 
3 cycle. OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
I 
u -  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
Poisson 
Rat i o 
0 0777 
0 0786 
TABULATED RESULTS 
Flexure Tension Experiment D-I I I 
U I t i  matt 
Stress 
psi 
4171 
4124 
M a t e r i a l :  ATJ-I 
0.1010 
0, I022 
J I t i mate 
S t r a i n  
Poi sson 
u i n / i n  
3299 
3375 
80% Stra in  
Damage 
Axial 
u i n / i n  
G-4 
30% S t r a i n  
Damage 
Poi  sson 
u i n / i n  
I .0970 
U 1 t i  mate 
S t r a i n  
Axia I 
p i n / l n  
3220 
3050 
3400 
3440 
3130 
3440 
3280 
Mean 
B- I 
8-3 
8-4 
F- I 
F-3 
F-4" 
1.0753 
1.7720 
I. 5682 
I .4942 
I .6070 
I .5312 
2nd Cycle 
Modu I us 
x 106 psi  
I. 5407 
I .5653 
I .4790 
ean 
I .4610 
I 8 5549 
1,4610 
No - 
A- I 
A-3 
A-4 
I 
c- I 
c-3 
c-4 
370 
280 
400 
420 
210 
I70 
-6 8 
-43 
-45 
I26 
I33 
I47 
I35 
317 
318 
360 
4247 
0 . 0773 
0. I284 4095 
0,1366 4247 
4418 
0.1316 4217 
-52 
-40 
-35 
- I  5 7 460 -30 -76 
-6 1 
-54 
-45 
-44 
4050 
3600 
3540 
3800 
3840 
3960 
o,1082 I 3531 
3128 
0. I105 3086 230 
2 iO 
360 
600 
2A5 62 i ::: 
0. IO44 3282 3798 236 I 504 -57 
-60 
-57 
-59 
-45 
-55 
0.0810 
0.079 I 
0 . 0862 
0.0919 
0,0935 
4579 
4095 
3944 
51 19 
4484 
3308" 
3040 
3120 
3070 
3560 
3390 
2570" 
I23 
130 
I50 
240 
280 
280 
223 
I93 
320 
230 
195" I 
Mean I I ,5945 0.0863 4255 3236 164 I 270 -55 
*Not included i n  means. 
WVU EES page B-9 
I 
1 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
D 
TABULATED RESULTS 
F I exu r e  Compress ion Experiment D- I I I Mater ia l  : 
G-4 I o  I102 0, IO85 1 3441 
Mean I .  1030 0.1085 329 1 --
B- I I 7379 0 0795 4550 
B-3 I .5549 0.0800 4095 
8-4 1.4932 0.0824 3906 
F- I I .6450 0.0843 508 1 
F-3 I .5170 0.0958 4446 
F-4" 3252" 
I I I 
Mean I 1.5896 10.0844 I 4222 
J l t imate  Ul t imate  80% S t r a i n  
S t r a i n  S t r a i n  Damage 
Axial Poisson Axial 
u In/ ' ln u i n / i n  u i n / i n  
3250 I 294 I 261 
ATJ- I 
80% S t r a i n  
Damage 
Poi sson 
u i n / i n  
60 
50 
27 
46 
55 
32 
70 
52 
77 
65 
60 
zn 
85 
42 
- -  
60 
73 
35 
47 
55 
53 
-c 
52 
*Not included i n  meanso 
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1 
I .  
1 
I 
1 
I 
I 
1 
I 
I 
I 
I 
I 
I 
1 
1 
I 
1 
I 
No, 
A- I 
A-3 
A-4 
TABULATED RESULTS 
Experiment D-Ill F I exure Tens ion Materia I : ATJ-2 
Ultimate Ultimate 
2nd Cycle Ultimate Strain Strain 
Modu I us Poi sson S t r e s s  Ax 1 a P Poi sson 
x I06 psi Ratio p s i  p in/in p in/in 
I ,6592 0.0978 51 19 3770 250 
I .6924 0.0970 3906 2720 I72 
I , 5549 0 0900 4133 3200 175 
80% Strain 
Damage 
Axial 
p in/in 
470 
320 
400 
WVU EES page B-I I 
80% Strain 
Damage 
Poi  sson 
p in/ln 
-38 
-38 
-54 
385 -42 
320 -45 
420 -40 
510 -60 
475 -46 
440 -38 
450 -45 
420 -42 
330 - 38 
362 I -76 I 
1 -  
1 ;  
1 
1 
I 
I 
I 
m 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
NO, 
A- I 
A-3 
A-4 
2nd Cycle 
Modu I us 
x 106 p s i  
1,8052 
I ,7066 
I ,6895 
c- I 
c-3 
c-4 
Poisson 
Ra t io  
0 , 0980 
0 0 0920 
0,0974 
Mean -
E- I 
E-3 
E-4 
G-1 
G- 3 
G-4 
U l t ima te  U l t imate  
Stress Ax ia l  Poi  sson 
p s i  u i n / i n  u i n / i n  
5138 3520 3 30 
3906 2680 270 
4133 2840 290 
Ul t imate S t r a i n  S t r a i n  
Mean -
B- I 
B-3 
8-4 
F- I 
F-3 
F-4 
::t 0, I478 
0,1546 4152 
Mean -
3720 
3450 
3190 490 
1,6696 
1,5283 
I ,5644 
0,1558 
0,0875 
0 . 0984 
0 , 0944 
1,6606 
I ,0268 
1.0438 
1,1188 
1 , i 85 i  
I .0021 
0.9803 
4478 3233 528 
2958 3440 317 
2853 3240 327 
3280 3640 342 
1,5416 
0 0873 
0,0868 
TABULATED RESULTS 
Flexure Compression 
2825 3720 302 
2815 3600 297 
0 , 0900 
0.09 I 8  
0,09 I 5  
0 0959 
0 . 0887 
0 0758 
0 . 0825 
3003 3520 31 I 
4389 3560 362 
5006 3700 36 5 
4029 3140 330 
4133 3170 302 
4285 3100 287 
4048 3350 275 
I 
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Materia 1 : ATJ-2 
30% St ra  i II 
Damage 
Ax ia l  
u i n / i n  
400 
295 
290 
400 
320 
360 
344 
320 
360 
470 
460 
480 
520 
437 
440 
370 
360 
320 
210 
320 
337 - 
30% S t r a i n  
Damage 
Poi sson 
u i n / i n  
65 
55 
45 
55 
65 
45 
67 
59 
48 
45 
51 
36 
43 
39 
Ad 
78 
62 
65 
52 
62 
49 
61 - 
I 
I -  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I rn 
c- I 
c-3 
c-4 
Experimenf D-l I Y 
1,6337 
I .60 I6  
1,7028 
No , - 
A-l 
A-3 
A-4 
E- I 
E-3 
E-4 
G- I 
2nd Cycle 
Modu I us 
x I06 p s i  
D "4464 
I .5637 
I .5325 
1,3225 
I ,3462 
1,3168 
I , 1598 
Po i  sson 
Rat io  
0,0755 
0,0764 
0 0834 
0 0784 
0 ., 0837 
0 . 0844 
0,0818 
0 0833 
0,0979 
0, IO08 
0,097 I 
0 , 0892 
0,0937 
0,088 I 
0 0944 
0,0836 
0, I467 
0,1354 
0 0885 
0,0874 
0 , 0890 
O,I05~ 
TABU LATED RESULTS 
FI  exure Tens ion 
U I  t imat€  
Stress  
p s i  
4909 
4578 
4786 
45'78 
4238 
5392 
4747 
3793 
3755 
4020 
331 I 
3523 
3408 
3685 
5505 
5259 
5146 
4843 
5297 
5127 
5196 
J It lmate 
S t r a i n  
Ax ia i  
il i n / ' i n  
4270 
3600 
3860 
3360 
3120 
3830 
3673 
3720 
3570 
3880 
3450 
x;An 
4000 
d"-r" 
37 I O  
3770 
3880 
3640 
3740 
3650 
3960 
3773 
U I t i mate 
S t r a i n  
Poi sson 
p i n / i n  
I 4 3  
252 
215 
213 
I48 
I56 
D 83 
I 
I62 
200 
238 
240 
205 
213 
207 
217 
I64 
352 
298 
I85 
I88 
224 
235 
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Mater ia l  : ATJ-3 
10% S t r a i n  
Damage 
Axia l  
p i n / i n  
550 
420 
4 80 
360 
320 
52 0 
442 
530 
4 80 
520 
470 
4 99 
620 
517 
460 
530 
440 
440 
480 
480 
472 
-c s I 
I -U2 
-38 
-66 
-69 
-73 
-50 
-65 
-60 
-64 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
Poi sson 
R a t i o  
0 , 0786 
0 . 0803 
0 , 0653 
TABULATED RESULTS 
Experiment D-I I 1  F I exure Compress i on Mater ia l  : ATJ-3 
Ultlmatc 
Stress 
psi  
4909 
4635 
4758 
- 
No , -
A- I 
A-3 
A-4 
0 0747 
0 , 0876 
0 , 0898 
0 , 0833 
2nd Cycle 
Modu I us 
x 106 psi  
I .5250 
I .6214 
1,3045 
4569 
4219 
5430 
c- I 
c-3 
c-4 
Mean 
E- I 
E-3 
E-4 
G- i 
G-3 
6-4 
-
1,6943 
I ,7681 
1,7463 
Mean -
B- I 
3250 
2800 
3800 
E 3  
E 4  
270 360 
239 280 
294 520 
F- I 
F-3 
F-4 
I ,2698 
1,7681 
I .7O28 
I ,6943 
1.6167 
I ,6706 
I ,6422 
Mean I 1,6824 
J I t i mate 
S t r a i n  
Axi a I 
p i n / i n  
4010 
3498 
3850 
3610 
3920 
3290 
3480 
3670 
P 
36 36 
3840 
3860 
3650 
3680 
3770 
3740 
3756 
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~~ 
80% S t r a i n  
Damage 
Poi sson 
p i n / i n  
34 
34 
25 
30 
25 
32 
29 
25 
15 
15 
30 
35 
27 
24 
26 
26 
46 
35 
25 
23 
30 
I 
1 
1 
I 
I 
B 
I 
B 
I 
I 
1 
i 
1 
I 
I 
I 
I 
I 
I m 
c- I 
c-3 
c-4 
Mean 
E- I 
TABULATED RESULTS 
Flexure Tension 
I ,5026 
1,5536 
I ,5394 
1,5304 
I ,2086 
Experiment D-l 1 I Mater ia I : ATJ-4 
10% S t r a i n  
Oamage 
Ax ia l  
i n / l n  
470 
490 
4 70 
4 IO 
400 
420 
30% S t r a i n  
Oamage 
Po i sson 
p i n / i n  
-50 
-53 
-53 
J I t imate 
S t r a i n  
Axlal  
p i n / i n  
3710 
3340 
3590 
3310 
3460 
3650 
J I t i mate 
S t ra  i n 
Poi sson 
p i n / i n  
177 
I76 
I65 
2nd Cycle 
Modu I us 
x 106 p s i  
1,4742 
1,5498 
I .5630 
U I t t mate 
Stress 
p s i  
4460 
4479 
4517 
4224 
4432 
4649 
Po I sson 
R a t i o  No , - 
A- 1 
A-3 
A-4 
0 , 0806 
0 , 0836 
0 , 0806 
Mean 0,0816 
0, I248 
0, I409 
0,1376 
I73 
283 
329 
317 
-52 
-50 
-6 8 
-73 
0, I344 
0,I I12 
0. IO33 
0. IO47 
n nn-n 
U O U O l O  
0,089 1 
0.0914 
0 . 0979 
0 , 0854 
0 . 0880 
0 , 0857 
0,0861 
0.0877 
0.0969 
0 , 0883 
4460 
4139 
3109 
3189 
523 ; 
3165 
3770 
3510 
4450 
3500 
3580 
3440 
3600 
37 IO 
310 
278 
2 39 
226 
,-. 
I Y 4  
212 
218 
443 
680 
550 
490 
440 
440 
460 
-64 
-55 
-38 
-49 
-37 
-37 
-37 
E-3 
E-4 
I I I F 7 1  
I o  I U I  I I 
G-3 I 1.0527 
6-4 1,2654 
I 
Mean 1 1,1612 3434 
6199 
4290 
461 I 
5528 
4517 
4063 
4868 
3713 
4130 
3340 
3530 
3820 
3440 
3300 
228 
I68 
188 
I90 
200 
I98 
I74 
510 
650 
320 
440 
440 
360 
360 
-42 
-70 
-42 
-38 
-53 
-37 
-54 
B- I I ,9798 
8-3 I ,5262 
8-4 I ,6018 
F- I 1,7898 
F-3 1,561 I 
F-4 I ,5989 
Mean I I ,6762 428 -49 3593 I86 
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TABULATED RESULTS 
F I exu r e  Comp ress I on Exper I ment D- I I I 
3380 
3440 
3340 
4350 
3350 
3480 
NO, 
A- I 
A-3 
A-4 
- 
c- I 
c-3 
c-4 
479 
48 I 
462 
412 
336 
324 
Mean -
E- I 
E-3 
E-4 
e- I v- 
G-3 
6-4 
1,6193 
1,2039 
I , IO66 
I .O IO0 
I qnco 
Mean -
B- I 
8-3 
E 4  
F- I 
F-3 
F-4 
Mean 
- 
-
0, I423 4485 
0,1001 4120 
0, IO71 31 18 
0,0965 3213 
n I ~ I I  y m c n  
I I 
1,1511 I001002 I 3442 
1,8399 
1,561 I 
I .6906 
I .7549 
1.7095 
1,5621 
1,6863 
0 0829 
0,0938 
0 0958 
0 0870 
0 , 0904 
0 0885 
6123 
426 1 
461 I 
5462 
4432 
4054 
4824 
4080 312 
3230 300 
3160 320 
3800 320 
3140 299 
3090 26 I 
3416 302 
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Materia I I ATJ-4 
30% Strain 
Damage 
Axia l  
p in/in 
370 
440 
370 
310 
380 
350 
~ ~~ 
3 70 
560 
390 
380 
320 
340 
320 
385 
440 
310 
370 
390 
360 
320 
36 5 
30% S t r a i n  
Damage 
Poi sson 
p i n / i n  
46 
40 
40 
42 
62 
50 
50 
54 
53 
30 
35 
26 
20 
30 
32 
23 
33 
50 
33 
55 
24 
36 
Exper i m 
J l t lma te  
St r a  i n 
Poisson 
1.1 i n / i n  
4450 
2750 
3650 
3580 
No . -
A-2- 1 
A-2-2 
c-2- I 
c-2-2 
80% S t r a i n  
Damage 
Ax ia l  
tr. i n / i n  
6700 
5700 
6200 
6600 
Mean 
E-2- I 
E-2-2 
G-2- I 
G-2-2 
- 
Mean 
8-2- I 
8-2-2 
F-2- I 
F-2-2 
Mean - 
3470 
3270 
4150 
4000 
TABULATED RESULTS 
10750 
9550 
11750 
10625 
t D - I l l  Uniax ia l  Compression . . ~ t e r i a l :  ATJ-I 
4530 
4220 
3600 
!nd Cyc11 
Modu I us 
( I06 ps -
1,2472 
I , IO84 
1,2042 
I .0458 
5950 
8000 
7960 
I ,  1514 
0 6872 
0 . 6709 
0,7150 
0 . 6295 
0,6756 
I .2701 
I , 1654 
I .0210 
I .0468 
3607 I 6300 
3722 I 10668 
, 4120 I 7 0 0 L  
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80% S t r a i n  
Damage 
Poi  sson 
1.1 i n / i n  
940 
790 
875 
870 
868 
910 
920 
1175 
1180 
1046 
8 30 
960 
1330 
1100 
1055 -
TABULATED RESULTS 
Exper, nent D- I I I 
----I 
2nd Cycle 
Modu I us 
No, x I06 psi 
A-2-1 1,3566 
A-2-2 1,3350 
C-2-1 1,0982 
C-2-2 1,2152 
Mean 1,2512 
E-2-1 0,7796 
E-2-2 0,8168 
G-2-1 0,8168 
G-2-2 0.7796 
iwaii u I Y U L  
8-2-1 I, I870 
8-2-2 1 , l  172 
F-2-1 1,2661 
F-2-2 1,1892 
Mean I _1_,'898 
Poi sson 
Rat io  
0, I315 
0, I553 
0,1619 
0, I727 
0, IO03 
0 ,  I146 
0 ,  I184 
0. I302 
n I i c n  u. I I J U  - 
0, I693 
0. I787 
0. I733 
In i ax 1 a I Compress ion Mater a 1 : 
I I 
I i n n i n  
I U J 9 I  I J - 2 0  I 1 G i i i  I I W I  I O  
I I I 
10401 I 26750 I 5000 I 7100 
9835 26700 4850 7490 
9722 20950 3600 6200 
9926 27500 5075 5400 
9971 I 25475 I 4631 I 6548 
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TJ -2 
80% S t r a i n  
Damage 
Poi sson 
u i n / i n  
950 
i490 
1150 
880 
1117 
1180 
1160 
1240 
850 
I In-. 
I I V I  
1275 
1220 
910 
1175 
1145 
TABULATED RESULTS 
Exper i ment D- I I I Un iax ia l  Compression 
Poi  sson 
Rat io  
0,1608 
0,1580 
0.0887 
0 0973 
0. I262 
0. IO34 
0, I IO3 
0 e 0928 
0,1065 
No - 
A-2- I 
A-2-2 
c-2- I 
c-2-2 
Mean - 
E-2- 1 
E-2-2 
G-2- I 
G-2-2 
U l t imate  U l t ima te  
Stress Ax i a I Poi  sson 
p s i  v i n / i n  v i d i n  
U l t i m a t e  S t r a i n  S t r a i n  
10452 24600 4000 
9289 20575 3540 
I1470 27875 2880 
10486 22450 2300 
3180 
10984 38450 4440 
10758 37750 5100 
10848 38500 4100 
10125 31750 3850 
10424 23875 - 
Mean - 
8-2- 1 
8-2-2 
F-2- I 
F-2-2 
Mean - 
9793 
2nd Cycle 
Modu 1 us 
I< 106 p s i  
I o  I978 
I I987 
1,2656 
Io3344 
1,2491 
1091 
0 , 7793 
0 , 7587 
0,7910 
0 , 7727 
0 , 7754 
I .2995 
I .485 I 
I .2656 
I 1894 
r 
0,1032 I 10678 I 36612 I 4372 
1 I I 
0, I955 I 10961 I 24300 I 4525 
0,1577 I I775 27750 5040 
0, I445 10486 27550 4950 
0.l518 9944 22500 3860 
0 ,  I623 I079 I 25525 4594 
I I 
Mater ia l  : ATJ-3 
7750 1290 
7150 1330 
5700 1100 
678 I 1237 I ,3099 
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8-2-2 
F-2-1 
F-2-2 
Mean 
I I 
1,1144 0.1578 10436 27500 
1.2602 0.1544 9940 26350 
1.1148 0.1475 978 I 23 I 25 
1,1829 0.1434 10151 25693 
TABULATED RESULTS 
Experiment D- I I I U n i ax i a I Comp res s i on Mater ia l  : ATJ-4 
U I t 1 mate 
S t r a i n  
Axial  
u i n / i n  
U I ti mate 
S t r a i n  
Poi  sson 
u i n / i n  
30% S t r a i n  
Damage 
Ax ia l  
u i n / i n  
80% S t r a i n  
Damage 
Poi sson 
u i n / i n  
2nd Cycle 
Modu I us 
No, x I06 p s i  
A-2-1 1,3052 
A-2-2 1.1566 
(2-2-1 1.1832 
C-2-2 1,2478 
U I  t imate  
Stress 
p s i  
9036 
I0098 
I030 I 
I0278 
Po i s son 
Rat io  
I6250* 
26225 
26525 
23225 
2860 
4940 
5150 
2280 
880 
i500 
1270 
5 80 
3850w 
7200 
6575 
6125 
6633 Mean I ,2232 
E-2-1 0,7574 
E-2-2 0.7940 
G-2-1 0,7870 t6-2-2 0,7981 -Y 10278 36125 3807 1057 9900 9550 10775 9125 4080 4 320 4600 3880 0,1026 0 ,  I095 0,1685 0, I I56 1030 1090 7 70 1180 9872 34550 10030 34800. 9533 30300 
1017 4220 
4370 
5440 
4580 
3925 
9837 
6500 
7250 
6600 
6250 
1270 
1280 
1140 
1130 
1205 4578 6650 
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I .  
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I rn 
APPENDIX C 
Experiment D-I 12 
Experiment D-l 12 
Spec i men 
Number -
- I  
-2 
-3 
- I  I 
-22 
-33 
- 1 1 1  
-222 
-333 
Mean 
Surf ace 
G S E  
** 
T r  
T r  
T r  
L 
L 
L 
L 
L 
L 
*** 
H 
H 
H 
H 
H 
H 
V 
V 
V 
FLEXURE SAMPLES 
Dimensions 
h in.  t in,  i n a  
0 . 7502 
0.7495 
0 . 7508 
0 7505 
0 a 7504 
0 . 7503 
0 7506 
0 . 7502 
0 . 7500 
0.7500 
0 . 7503 
0 7506 
0 ., 7500 
0 7498 
0 . 7505 
0 . 7508 
0.7505 
0 . 7495 
4 . 5034* 
4,5015 
4 . 5022 
4.5018 
4 a 5030 
4,5019 
4 5022 
4,5018 
4.5013 
0.7503 0.7502 4.5021 
Weight 
GWW - 
77 529" 
77 268 
77.61 I 
77 . 606 
77 a 500 
77.516 
76 e 836 
77. I84 
77 0 435 
77 . 387 - 
M a t e r i a l :  PO38175-2 
I n s t  rumented 3- I 7-66 
Density 
~rarns/cm3 
I .8670 
I .a624 
I .866l 
I .8685 
I .8664 
1,8656 
I .8475 
I .8580 
1,8672 
-
I .8631 - 
Test  
Rema r ks 
OK 
OK 
OK 
OK 
OK 
OK 
4 c y c l e  
OK 
OK 
* L A S i  data.  
* * T r , i  - Designates Transverse and iongi iudinal  specimen o r i e n i a t i o n s .  
***H,V - Designates hor izonta l  and v e r t i c a l  o r i e n t a t i o n s .  
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1 
1 -  
1 
I 
1 
I 
I 
1 
I 
I 
I 
I 
1 
I 
1 
I 
I 
1 
I 
I 
Experiment D-112 
;pec 1 men 
Number 
- 1  I 
-22 
-33 
- I  I I 
-222 
-333 
Mean 
Surface 
G S E  
L H 
L H 
L H 
L V 
L V 
L V 
** *** 
FLEXURE. SAMPLES 
~~ 
D i mens ions 
h in.  t in, It in,  
0.7504 0.7500 4,5051" 
0.7510 0.7510 4,5049 
0.7505 0.7508 4.5015 
0.7503 0,7503 4,5042 
0,7502 0.7500 4,5048 
0.7502 0,7505 4.5046 
0.7504 0.7504 4.5042 
Weight 
Grams 
66 . 606" 
65.613 
66. I I O  
66,201 
66 355 
65 , 802 
66. I I 4  
*LASL data. 
c*L - Designates longitudinal specimen o r i e n t a t i o n .  
Mater ia l :  E-24-554F-2 
Instrumented 3-15-66 
Density 
s r a  ms /cm3 
I .6027 
1.5755 
I .590l 
I .5927 
1.5974 
I .5830 
I .5902 
***H,V - Designates horizontal  and v e r t i c a l  or ientat ions.  
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Test  
Rema r ks 
OK 
OK 
OK 
6 cycle  
OK 
Noisy & bad 
Poisson ten. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
1 
I 
I 
8 
Experiment D- I I2 
Spec i men 
Number 
-I I 
-22 
-33 
-I I I 
-222 
-333 
Mean 
Su r f ace 
G S E  
** *** 
L H 
L H 
L H 
L V 
L V 
L V 
FLEXURE SAMPLES 
Dimensions 
h in. t in.  R in, 
0.7500 0.7502 4.5029 
Weight 
Grams 
78 , 492" 
78 , 494 
78,442 
78,317 
78.314 
78 . 336 
78.399 
Mater i a I : 8269 I 
Instrumented 3-15-66 
Dens i t y  
Grams/cm3 
I .a887 
I .8906 
1,8873 
I ,8866 
I .a864 
I .8876 
I .a878 
*LASL data. 
**L - Designates longitudinal specimen or ientat ion.  
***H,V - Designates horizontal  and v e r t i c a l  or ientat ions,  
Test 
Rema r ks 
4 cycle  
OK 
Noisy a x i a l  
compression 
Questionable 
poi sson 
Noisy poisson 
compress i on 
OK 
WVU EES page C-3 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
Experiment 0-112 
specimen 
Number 
-I I 
-22 
-33 
- 1 1 1  
-222 
-333 
Mean 
Surf ace 
G S E  
L H 
L H 
L H 
L V 
L V 
L V 
** *** 
FLEXURE SAMPLES 
Dimensions 
h in,  t in, 11 In.  
0.7506 0,7502 4.4872* 
0.7490 0.7503 4,5033 
0,7508 0,7500 4,5032 
0.7510 0,7510 4,5033 
0.7510 0.7505 4,5029 
0.7510 0.7508 4.5030 
0.7506 0.7504 4.5005 
Weight 
Grams 
77 * 444" 
78 , 060 
77 847 
78. I34 
77 , 847 
78 . 062 
77.899 
Mater ia I : RVC 
Instrumented 3-17-66 
Density 
~rams/cmJ 
I .870O 
1.8818 
I .a730 
I .8769 
I .87l5 
I .8759 
I .8748 
*LASL data, 
**L - Designates longitudinal specimen o r i e n t a t i o n ,  
***H,V - Designates horizontal  and v e r t i c a l  or ientat ions,  
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Test 
Rema r ks 
3 cycle  
OK 
Questionable 
Poisson data 
Corrected 
I oad 
Corrected 
I oad 
Corrected 
I oad 
I 
I 
1 
I 
I 
I 
I 
1 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Dimensions 
h i n .  t i n ,  II In ,  
0.7505 0.7505 4,5054" 
0.7507 0.7505 4,5048 
0.7502 0,7500 4,5045 
0,7500 0,7503 4,5048 
0.7505 0,7503 4,5047 
0.7502 0.7505 4.5049 
Experiment D-I 12 
Weight 
Grams 
69.633" 
69,344 
70,635 
71.028 
69.496 
70.785 
;pec i men 
Number -
- I  I 
-22 
-33 
- 1 1 1  
-222 
-333 
Mean 
Surface 
G S E  
L H 
L H 
L H 
L V 
L V 
L V 
** *** 
FLEXURE SAMPLES 
0.7504 0.7503 4.5048 I 70.154 
Materia I : SX4-2 
Instrumented 3-16-66 
Dens 1 t y  
~rams/cm3 
I .6743 
I .6667 
1.7005 
I .7096 
I .6715 
I .7028 
1.6875 
*LASL data, 
**L - Designates longitudinal  specimen or ienta t ion .  
***H,V - Designates horizontal  and ver t ica l  or ientat ions.  
Test 
Remarks 
OK 
OK 
3 cycle 
3 cycle 
OK 
OK 
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FLEXURE SAMPLES 
Mater ia l :  EP192-3 
Instrumented 3-16-66 
I I I I 
Spec i men Surf ace Dimensions Weight Density 
Number G S E h in,  t in, 9, in ,  Grams Grams/cm3 
-I I L H 0,7498 0,7507 4,5023" 69,870" 1,6821 
** *** 
*LASL data, 
**L - Designates longitudinal specimen or ienta t ion ,  
***H,V - Designates horizontal  and ver t ica l  or ientat ions,  
T s s t l  
Remarks 
OK 
OK 
OK 
OK 
OK 
3 cycle.  
Noisy axial 
compression 
WVU EES page C-6 
I 
R 
I 
1 
I 
I 
I 
1 
I 
I 
1 
I 
I 
I 
I 
I 
D 
I 
Experiment Dol12 
I 
I 
Dimensions 
h in, t in, R In, 
0,7490 0,7500 4,5047" 
0,7502 0,7500 4,5048 
0,7498 0,7500 4,5043 
0,7505 0,7503 4,5048 
0,7502 0,7502 4,5047 
0,7501 0,7500 4,5048 
Specimen Weight 
Grams 
64,090" 
63,790 
63,713 
64,278 
63,767 
64,122 
-I I 
-22 
-33 
- 1  I I 
-222 
~~~ ~ 
Surface 
G S E  
** *** 
L H 
L H 
L H 
L V 
L V 
L V 
FLEXURE SAMPLES 
0,7499 0,7501 4,5047 163.960 
Material: EP192-C4 
Instrumented 3- 16-66 
Density 
~rams/cm3 
1,5451 
1,5356 
1 , 5345 
1,5460 
1,5346 
1,5436 
1.5399 
*LASL data, 
**L - Designates longitudinal specimen orientation, 
***H,V - Designates horizontal and vertlcal orientations, 
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Test 
Rema r ks 
Non- l i near 
compress i on 
OK 
OK 
OK 
Broke f 1 rst 
cyc I e 
Broke first 
cyc I e 
COMPRESSION SAMPLES 
Mater ia l :  E-24-554F-2 &I Instrumented 6-7-66 Experiment D-l I 2  +b * 
0.7496* 1.5038" 
p- 
I 
2 
3 
Mean 
__ 
** *** 
T r  H 0,7494" I .5034* 20.487* I .8850 OK 
T r  H 0.7496 I .5042 20 , 505 I .8846 4 cycle.  OK 
T r  H 0.7496 1,5052 20 449 I ,8781 OK 
0,7495 I .5042 20.497 I .8825 
Experiment D-i  12 
I 
2 
3 
Mean 
Maier i  a I : RVC 
Instrumented 6-7-66 
** *** 
T r  H 0,7490" 1,5063" 20 , 636" I .897l 5 cycle,  OK 
T r  H 0.7492 1.5028 20.6 I 2  I .8983 OK Noisy Poisson 
Noisy Poisson T r  H 0.7488 1.5050 20 e 543 1,8912 OK 
0,7490 1.5047 20 e 597 I .8955 
*LASL data, 
**Tr - Designates transverse specimen o r i e n t a t i o n ,  
***H - Designates horizontal  or ientat ion,  
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COMPRESS I ON SAMPLES 
Mater ia  I : SX4-2 
Instrumented 6-7-66 
Experiment 0-112 
I 
Specimen1 Surface I Dimensions 
Number G E d in, P. in, 
** *** 
Tr H 0.7491" 105022* 
** *** 
I T r  H 0.7518* 1,5029* 
2 T r  H 0.7490 1,5032 
** *** 
T r  H 
T r  H 
T r  H 
W e w t  I Density 
Grams Grams/cm3 
0,7496" I,5029* 
0.7493 1.4988 
0,7501 1,5024 
18,146" I .6595 
18,086 I ,6660 
16,731 
Test 
Remarks 
1,5377 OK 
OK 
OK 
3 T r  H 0,7481 1,5022. 17,899 I .654 I OK 
Mean 0,7496 1,5027 . 18.044 I ,6598 
Experiment D-l  12 
18,189" 
Experiment D- I I2 
Mean I 0.7496 1.5013 
Mate r ia l :  EP-192-3 
Instrumented 6-7-66 
I .676l 
1,6739 
1,6743 
1,6747 
Mate r ia l :  EP-192-C4 
I OK I 16,642" I 1,5292 
3 cyc le  
105390 1 Bad poisson 16,670 
16,681 I I .5353 I 
*LASL data. 
**Tr - Designates t ransverse specimen o r ien ta t i on .  
***H - Des i gnates hor  1 zonta I o r  i e n t a t  ion , 
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Experiment D-112 
Ult imate 
S t  ra  i n 
Axiai 
u i n / l n  
U l t ima te  80% S t r a i n  80% S t r a i n  
S t  r a  i n Damage Damage 
Poisson Ax ia l  Poi sson 
u i d i n  u i n / i n  u i n / i n  
TABULATED RESULTS 
Flexure Tension Mater ia l  : PO3B175-2 
NO, 
-I 
-2 
-3 
Mean 
- I  I 
-22 
-33 
I
2nd Cycle 
Modu I us 
x 106 ps i  
1,831 I 
I .8236 
I .7434 
I .7993 
2 0576 
I .8868 
2,2189 
Poi sson 
Ra t io  
0. I445 
0, I428 
0. I380 1""" 0. I417 
U I t i mate 
Stress 
p s i  
5783 
6330 
6179 
3440 
4000 
3830 
513 200 50 
578 350 60 
540 200 42 
3756 
3770 
I I I 
543 250 51 
665 200 50 0. I789 
0. I607 
0. I809 
0, I735 
6952 
6962 
6849 
I Mean1 2.0736 
3660 
3650 
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654 260 50 
658 350 70 
659 57 
3630 470 300 
3250 4 39 240 
3040 535 240 
3500 48 I 265 
40 
30 
50 
40 
- I l l  
-222 
-333 
1.8868 
2,1736 
2,2179 
0, I250 
0, I296 
0, I735 
0.1427 
6084 
6452 
6150 
6575 
TABU LATED RESULTS 
Experiment D-l 12 F I exu r e  Comp res5 i on Mater ia l  : PO38175-2 
6084 4070 
6452 3600 
6150 3360 
I I I I 
Mean 2,0460 0,1359 I 6575 I 3881 
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TABULATED RESULTS 
Experiment 0-112 Flexure Tension Mater ia l :  E-24-554F-2 
- I  I I .3014 0.2322 3502 2925 6 89 I20 30 
-22 I .201 I 0.2379 3397 3100 732 I20 30 
I .2! 15 0.2327 
I 
Mean 
I 
10,2342 
- I  I I 1,2787 0.2500 
-222 1.2617 0,2476 
-333 I, I358 0,2300 
4ean 1.2317 0.2425 
Mean 
- I  1 I 1.3961 0.3154 395 I 
-222 I. 1907 0,2132 3539 
-333 1,1519 0.2308 3634 
Mean 1,2129 0.2531 358 I 
712 30 
395 I 3400 865 I40 40 
3539 2990 740 I20 25 
3634 3250 745 I20 25 
358 I 31 17 783 I23 30 
Ultimate Ul t imate  80% S t r a i n  80% S t r a i n  
S t  r a  i n S t  r a  i n Damage Damage 
Axial Poisson Axial Poi sson 
IJ i n / l n  IJ i n / i n  u i n / i n  tl i n / i n  
3040 700 I20 20 
3140 660 140 25 
3210 704 I50 20 
688 22 
3580 796 200 25 
3150 726 I40 20 
3385 762 I40 30 
3250 76 I I48 25 
Experiment 0-112 F I exu r e  Compress i on M a t e r i a l :  E-24-554F-2 
Exper i ment D- I I2 Uniaxial  Compression Mater ia l :  E-24-554F-2 
*Not included i n  mean, 
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TABULATED RESULTS 
F I exu re Tens 1 on Exper I ment D- I I 2  Mater I a I : 8269 I 
Experiment D- I I 2  F I exu r e  Compress ion Mater i a I : 8269 I 
- I  I 2. I I86 0, I552 6369 
-22 2.1328 0,1534 6692 
- I  I I  2.0626 0,1518 6862 
-222 2,1640 0.1649 6407 
-333 2,1660 0.2229 6635 
I I I 
Mean1 2.1223 10.1798 I 656 I 
Exper i ment D- I I 2  Uniaxial  Compression Mater ia I : 8269 I 
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Experiment D-I12 
Ult imate 
S t r a i n  
Axia I 
p i n / i n  
2990 
2560 
3000 
2800 
2740 
2720 
TABU LATED RESULTS 
Flexure Tension Mater 1 a I t RVC 
Ul t imate.80% S t r a i n  80% S t r a i n  
S t r a i n  Damage Damage 
Polsson Ax ia l  Poi sson 
p i n / i n  i n / i n  p i n / i n  
225 420 - I  00 
300 320 - 60 
IO0 360 = 45 
208 - 68 
95 360 - 55 
I40 320 - 35 
95 340 - 60 
Mean 1,9858 0,0787 4555 
I 1560 
8950 
9625 
I920 
I350 
1810 
2801 I 110 I 353 I = 50 I 
Experiment D-I 12 F I exure Compression Mater ia l  : RVC 
- I  I 
-22 
-33 
- 1 1 1  
-222 
-333 
Mean 
- 
-
1,8922 0, I692 471 I 
1,8922 0 ,  I585 4153 
2,66;6 4692 , n  n7-n , U . U I J L  
lean I O ,  I336 
2, I713 0,0827 4923 
2 0332 0 , 0834 4420 
~ 1,8316 0,0723 4432 
~ 1,9702 0,0794 4555 
, 
Experiment D-l  12 
3050 5 30 360 70 
2580 400 240 40 
m c  Tn :: 7 nn L V l U  
281 I 216 
340 30 
280 30 
340 30 
310 30 
Uniax ia l  Compression 
I1564 31750 5600 
10976 29700 4440 
I1903 34250 5750 
I1481 31900 5263 I0045 I I693 I 
' 
U l t imate  ' 2nd Cycle U l t ima te  S t r a l n  
Modulus Poisson Stress Axial 
~ x I06 p s i  Rat io  ps i  1.1 i n / i n  
I 
I .3308 0.  I192 4032 3950 
I .2844 0. IO56 3606 3680 
I 
TABU LATED RESULTS 
Exper i ment D- I I 2 F I exu re  Tens t on Mater ia  I : SX4-2 
Ul t ima te  80% S t r a i n  80% S t r a i n  
S t r a i n  Damage Damage 
Po 1 sson Poisson Axia l  
p i d i n  1.1 i d i n  p i n / i n  
360 520 -25 
510 480 5 
No . 
- 1  I 
-22 
-33 
-
f 
- 1 1 1  
-222 
-333 
Mean 
-I I 
-22 
1,3469 0, I262 4032 
1,3052 0, I929 3606 
Experiment D-112 F I exu 
I 7 7 1 -  n 1 - 4 1  7 - 1  A 
1 
I 0,1477 F'l 3502 - 1 1 1  I 1,3904 0,1867 Mean 
-222 
-333 
1.3857 0.1372 3909 
1.3667 0.1956 4003 
I I I 
3544 10.1731 1 3812 I 433 3498 589 
Expe I 
-I 
78 
-2 
0.6171 
0.5818 
0,5715 -3 
0, I515 6959 
0. I639 6913 
0, I229 6936 
Mean -
iment D-l  12 Un iax  
0.5901 IO,l461 - 1  6936 
-e Compress i on Ma te r ia l :  SX4-2 
3460 
3060 52 ;", 485 360 40 r. 
3720 722 500 
'a1 Compression Mater i a I : SX4-2 
7150 
8375 I160 
26300 I 4506 I 7091 I 1200 I 
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~ 
i 
I 
I 
I 
1 
I 
I 
I 
I 
I 
: 
I 
I 
I 
I 
1 
I 
I 
I 
Ul t imate  
S t r a  i n  
Poisson 
p i n / i n  
718 
718 
712 
716 
81 I 
795 
74 5 
784 
Exper i ment D- I I2 
80% S t r a i n  80% S t r a i n  
Damage Damage 
Axia l  Poi sson 
p i n / i n  v i n / i n  
280 -3 1 
360 -30 
250 -35 
-32 
280 -25 
250 -35 
280 -30 
283 -30 
TABULATED RESULTS 
Flexure Tension Ma te r ia l :  EP192-3 
- 1  I 
-22 
-33 
I I I 
I , 4208 0 2437 4764 3840 
1,3526 0,2104 5067 4330 
I ,4208 0,2405 4508 3620 
2nd Cycle U I t imate 
Modu I us Poi sson Stress 
No, 1 x IO6 pi: Ra t io  1 p s i  
- I  I I  
-222 
-333 
U I t I mate 
S t ra in  
Axia I 
IJ i n / i n  
1,4312 0,2455 4887 3890 
1,3678 0,2291 4982 3900 
1,3772 0,2424 4413 3680 
4764 
5067 
I 
Mean 
I 
3510 920 250 80 
3790 970 290 85 
4887 
4982 
4413 
I I I I 
Mean I 1,3950 10,2390 1 4770 I 3876 
3690 9 30 250 80 
3650 972 200 65 
3310 869 2 30 70 
-I 
-2 
Experiment D- I I 2  F I exure Compress i on Mater ia l :  EP192-3 
I .3246 
I , I866 
- I  I 
-22 
7 7  
- 2 J  
- 1 1 1  
-222 
-333 
Mean -
30750 
41875 
27500 
33375 
I ,5222 
1,4966 
I A E R A  
I O L t J F t U  
lean 
I ,469 I 
1,4568 
I .4729 
6525 4570 I380 
8510 4900 I840 
6000 4400 I830 
7012 4623 I683 
I .4786 
0 a 2623 
0 , 2546 
n ')CAI 
v 0 LUU I 
0 2590 
0 2486 
0 , 2622 
0 , 2560 
0 2556 4770 1 3566 I 924 I 233 I 72 
Experiment D-l I 2  Uniax ia l  Compression Mater ia l  : EP192-3 
0,2991 
0 , 2655 
0,2882 
14710 
14710 
I3572 
I4330 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
: 
I 
I 
'I 
I 
I 
I 
I 
I 
Ult imate 
S t  r a  I n 
Axia l  
p i n / i n  
2250 
2295 
2480 
Exper 1 ment D- I I2 
Ult imate,80% S t r a i n  80% S t r a i n  
Damage 
Poi sson 
v i n / i n  
S t  ra  i n Damage 
Poisson Axia l  
p i n / i n  v i n / i n  
428 30 -10 
438 75 -10 
478 IO0 -10 
TABULATED RESULTS 
Flexure Tension Mater ia l :  EP19244 
-22 
-33 
--- :
0,8732 0,2096 1915 
0,9027 0,2164 2076 
2nd Cycle 
Modu I us 
0,895 I 
- I  I I  
-222 
-333 
Poi sson 
Rat io  
0,8865 0,2084 I872 
0.8591 0.2000 I635 
0,8752 0,2093 I839 
0, I988 
I875 
2130 
U I t irnate 
Stress 
ps i  
1972 
0 , 2427 
0 2242 
I972 
1915 
(0.20821 I 
I 
Mean 
I405 
2195 
~ 
450 0 0 
483 65 10 
Mean1 0,8819 10.2059 I I885 
8882 25125 5275 
9222 27750 
7106 12750 2820 
8150 26440 , 
3900 850 
4520 
1760 6 30 
4210 
- I  
-2 
-3 
Mean 
I I I 
I I 
~ -~ ~~ 
0 , 7654 0 , 2093 
0.7779 0.2187 
0,7812 0,2013 
0.7748 0,2097 
Experiment D-l  12 F I exu re Compress i on Ma te r ia l :  EP192-C4 
- 1  1 
-22 
-333 
Mean 
I ,  1331 
0 , 8989 
0; 9482 
ean 
0,9235 
0 , 8344 
0 , 7244 
0.9104 
Experiment D- I I2 
0 ~ 7785 
_ _ ~  
0,2316 
0.2 I98 
0.2139 
0.2184 
0.21 73 
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Un i ax i  a1 Compression Ma te r ia l :  EP192-C4 
